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GEOLOGY. 



DEFINITION AND OBJECT OF GEOLOGY. 

1. Geoloot is the Science which treats of the oonsti- 
tution dnd structure of the Earth. 

Its object is to observe and describe the mineral masses, 
and the remains of organized bodies, animal and yegetable, 
which compose the globe; trace the successive changes they 
have undergone and discover the various, laws that govern 
such changes. 

Descriptive Geology exhibits the facts of the science ; 

Theoretical Geology attempts to account for them ; and 

Practical Geology shows their application to practical 
purposes. 

Subservient to Geology are — Chemistry j which treats of 
the ultimate particles of matter, and their modes of combin- 
ation; Mirieralogy, which characterises and classifies the va- 
rious minerals of which the earth is composed ; Botany , and 
^Zoology J which describe plants and animals; and Physical 
Geography, which relates the facts concerning the general 
distribution of matter at the surface of the earth — ^the forms 
and extent of continents and islands, river and mountain 
systems; together with the changes now occurring in them. 



CHAPTER I. 



aENERAl CONSTITUTION AND STRUCTURE OF 
THE EARTH. 



fig. l^^t^ EirUi, u mn tnna Uib Udoel 
PLAHETABY RELATIONS. 

2. The Earth ia ono of the planetary bodies constitntiDg 

the Solar system — the third in order from the Sun — com- 
pleting its circuit of 600,000,000 miles around that lumm- 
uty in a year, and revolving upon ita asia once a day. Its 
relations to the sun and other members of the Solar system 
determine its position in apace, the amount of heat and 
light it receives, and consequently its vegetable and animal 
economy. A change in the position of ita asia would alter 
its climate and the distributioD of land and sea. 
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FieUBE. 

8. The ybrm of the Earth is that of an obkte spheroid* 
The equatorial diameter is twentjHsiz and a half miles 
longer than the polar. 

The equatorial diaxneteps7925.6 miles, 
" polar " «=7899.1 «« 

IHfference or flattening^ • • 26.6 miles. 

This giyes a compression of thirteen and a quarter miles 
to each hemisphere. K the earth should cease to rotate on 
its azisy the waters of the ocean about the equator would 
flow towards the poleS; seeking the lowest levels t. e. the 
position nearest the center of the earth. The direction of 
rivers running towards the equator would be reversed. 

This form of the globe seems to indicate that its particles 
have been free to obey the centrifugal force. The other 
planets exhibit spheroidal forms. The equatorial diameter 
t>f the planet Jupiter, exceeds the polar diameter by more 
than six thousand miles. 

DENSITY. 

4. The density of the Earth is five and a half times that 
of water. It weighs five and a half times as much as a 
globe of water of the same size. This is more than twice 
the density of the most prevalent rocks at the surface. 
Hence it appears that the density Increases towards the 
center. By the pressure exerted beneath the surface the 
bulk of bodies is compressed, and their density consequent- 
ly increased. At the depth of thirty-four miles, air would 
become as dense as water ; at three hundred-and sixty-two 
miles, water as heavy as quicksilver; and at the center the 
average minerals of the surface would be compressed into 
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less than one-tenth their present bulk. This would make 
the mean density of the globe much greater than it is. 
Consequently the materials within must be different fro^ 
those at the surface, or this compressing force must be 
counteracted by some expansive power. The density of 
the Earth is ascertained by astronomical processes; observ- 
ing the deflection of the plumb-line caused by a mountain 
of known diiaensions, the attraction of other planets^ &o. 

TEMPERATURE. 

5. The temperature of the globe is determined by a 
variety of influences. The temperature of the mrface is 
influenced by its latitude, being warmer near the equator, 
and diminishing toward the poles; by its power of absorbing 
and retaining, or reflecting the heat of the sun's rays ; by 
its elevation above the general level, the temperature fall- 
ing as we ascend; and by the distribution of land and 
water, the climate of the ocean and of islands being milder 
and more uniform than that of continents in the same lati- 
tude. Lines joining places having the same mean annual 
temperature, are called isothermal lines. These, on the 
ocean, are very nearly parallel to the equator and to each 
other, but over continents are modified by the extent and 
elevation of the land. The following table gives the lati- 
tude of isothermal lines on the American and European 
coasts: 

Xaoihcnaal Line. latitude on American ooatt LatitnOe on Enn^oan eooft. 
77° Fahr. 24° 2V 18° 49^ 

68<* ** 

60O " 

410 u 



820 20^ 


81° 27' 


880 24^ 


41° 88' 


41<> 80^ 


62° 8' 


44° fSV 


60° V 


51*> 67'' 


66° 49^ 



nsvonm* of the ubtb. 
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The mean temperature of the whole surface of the 
Earth is estimated to be 58^. . The surface temperature 
determines the distribution and growth of plants and ani- 
mals. ^ 

The heat of the sun penetrates the crust of the earth 
to a limited extent, rarely exceeding seventy feet. At this 
limit the temperature remains constant through the year. 
On descending below this point the temperature uniformly 
rises about^ 1*^ of Fahrenheit for every fifty-four feet of 
depth. The rate of increase varies with the nature of the 
rooks passed through, from 1*' for thirty feet to ^l*' for 
seventy feet. This has been established by numerous ex- 
periments in mines, Artesian wells,* and mineral springs. 

In the mine at New Salzwerk, near Minden, in Prus- 
sia, two thousand feet deep, the increase of temperature 
was at the rate of 1*^ for fifty-four feet. The mean result 
of a large number of observations in the Saxony mines, 
gives an increase of 1*^ for seventy-six feet at depths of two 



* Artesian wells are borings through which the water rises 
nearly or quite to the surface, where no indication of springs ex- 
isted. They are so called from the French proTince Artois — the 
ancient Artesium — ^where they were used as early as the 12th 
century of the Christian era. 

Fig. 8. 




Artesian Well. 

a, poroQii water-bearing rock between the rocks e ftnd d, whioh are inperrioas 
to water. Through the well at b, the water riwi ob in a qrpboo. 
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thoosand feet; while in a coal mine in Durham, at about 
the same depth, it is 1^ for fifty-nine feet. The rate of 
increase observed in sinking the well at the Barriere de 
Grenelle, Paris, was 1^ for fifty-eight feet. In a very deep 
Artesian well recently sunk at Mondorf, on the frontier of 
France and Lnzembourg, to a depth of nearly two thou- 
sand tliree hundred feet, the water at two thousand two 
hundred feet had a temperature of 93^ Fahrenheit, show- 
ing an increase at the rate of 1^ Fahrenheit for fifty-four 
feet.* With this rate of increase, at the depth of fifty 
miles, the heat would be sufiicient to melt all known rocks. 

SURFACE CONFIGURATION. 

6. The surface outline of the Earth is very irregular, 
intersected by mountains and vallies, seas and rivers. The 
highest mountains exceed five miles. 

Bhawalagiri, in the Himalayas, 28,072 feot. 
Aconcagua, '« Andes, 23,200 «« 

Chimborazo, " " 21,420 

niimani, " " 21,149 

• Mount Blanc, " Alps, 15,748 «• 

PicNethou, " Pyrenees, 11,168 " 

The mean height of all the solid parts of the Earth's 
surface above the ocean, is estimated by Humboldt at about 
one thousand feet; that of South America, one thousand 
one hundred and fifty one ; of North America, seven hun- 
dred and forty-eight ; of Europe, six hundred and seventy- 
one; and of Asia, one thousand one hundred and thirty- 
two feet. The length of the chain of mountains between 
Siberia and India is ten thousand miles, and its breadth 
one thousand five hundred miles. The mountains of Amer- 

* Anftted. 
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ica, the Andes and Rocky Mountains^ extend oyer 120^ of 
latitude. There are also vast depressiims below the general 
level. The Caspian and Aral seas are situated in such a 
depression^ whose whole area is not less than one hundred 
thousand square miles. The surface of the Caspian sea is 
eighty-three and a half feet below the level of the ocean, 
and the sea has a depth of six hundred feet. The lake of 
Tiberias has its surface four hundred and sixty-six feet 
below the Mediterranean; while that of the Dead Sea is 
one thousand three hundred and eighty-eight feet below 
the same level, and its bottom in some places three hun- 
dred fathoms lower. But the great deeps of the Earth's 
surface are occupied by the ocean. Soundings in the At- 
lantic ocean (27^ south latitude 17^ west longitude) gave a 
depth of fourteen thousand five hundred and fifty feet, and 
four hundred and fifty miles west of Cape Oood Hope, six- 
teen thousand and sixty two feet; while in latitude '15^ 
south, longitude 23^ west, a line of twenty-seven thousand 
six hundred feet, did not reach the bottom. Humboldt 
estimates the mean depth of the ocean at one thousand feet. 

7. The distribution of Land and Water upon the sur- 
fJEUse of the earth is very unequal. 

Water ooonpies 145,800,000 square miles. 
Land, " 61,500,000 " «« 

Total, .... 196,800,000. 
Nearly three-fourths of the surface is, therefore, beneath 
water, and there is sufficient water to submerge the whole. 

TEOB MEANS OF GEOLOGICAL INVESTIGATIOK. 

8. By the Crust of the Earth, is understood, the exte- 
rior portion of it, which is accessible to man, a few miles in 
thickness. The foUowrog diagram represents the proper- 
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tions wbioh the cmst, with its mountains and seas, bears to 
the globe. The point i indicates a depth of one hundred 
miles; k fiye hundred miles. The divergence of the lines 
at a and h shows the depth of the ocean. The prominences 
at d, ey /, and g^ adequately represent the height of moun- 
tains. The line if is at forty-fiye miles above the surface—* 
the supposed limit of the atmosphere. The thickness of 
the heavy line representing the crust is one four hundredth 
part of the distance to the center — i. e. ten miles. 

Fig. i. 




Gnut of the Earth. 

This crust, insignificant as it may seem, when compared 
with the mass of the globe, since it embraces all the strati- 
fied rocks, enables us to determine the various changes 
which the Earth has undergone. 

9. The means of investigating Geological phenomena 
are found principally in the fracture and dislocation of the 
layers of the crust of the Earth. Artificial excavations and 
borings, aside firom the inclination of these layers, are of 
little avail. The deepest mine extends but a fraction of a 
mile below the surface. Had the strata remained, as thej 



10 



BTRUOTURE OF THE EARTH. 



were deposited, in a horizontal position, we should have been 
enabled to investigate only the few superficial ones ; but the 
slanting position into which they have been thrown, brings 
the lowest of them to the surface, and presents their edges 
for examination, as in figure 5, in which the layers a, J, c, d, 
and c, present themselves to the observer at the surface, suc- 
cessively from the superficial to the deep seated. Other 
masses of the Crust of the Earth have been pressed up, in a 
melted state, from deep recesses to the surface, and are thus 
subjected to inspection, as lavas of volcanos. 

Fig. 5. 



h a 




% Indined Layers of Kocks. 

CHEMISTRY OF THE EARTH. 

10. Chemists recognize sixty elements, or simple bodies^ 
whose combinations produce all the varieties of matter with 
which we are acquainted. Many of these occur in small 
quantities, and are rarely seen. Fifteen or sixteen of these 
elements enter largely into the composition of rocks. 

These substances, however, very rarely present them- 
selves in their elementary state ; but, combined with each 
other, they make the greatest portion of the Crust of the 
Earth. 

The most prevalent of these is Oxygen, which forma 
eight-ninths of water, one-fifth of the atmosphere, and con- 
stitutes one-half of all the matter known to us. With sil- 
icon it forms silica; with potassium, potassa; with iron the 
oxide of iron, &c. Few minerals occur which do not con- 
tain oxygen. 
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Hydrogen forms a portion of minerals; especially bitti- 
minous coal, and enters into the composition of water. 

Nitrogen is not so abundant, but is found in the bones 
of animals; living and fossil, in vegetables and in the atmos- 
phere. 

Carbon is the most abundant ingredient in coal, and 
enters into the composition of limestone, which is the car- 
bonate of lime. 

Sulphur exists in the snlphurets of the metals : sul- 
phuret of iron — ^iron pyrites; sulphuret of lead — galena, 
or lead ore; also in the sulphates, as sulphate of lime — 
gypsum, or plaster of Paris. It is thrown out extensively 
by volcanos. 

Chlorine is one of the constituents of rock salt (chlo- 
ride of sodium) and is widely diffused in the ocean.^ 

Fluorine occurs in fluoride of calcium, (fluor spar,) and 
other minerals. 

Phosphorus enters into the composition of many min- 
erals, and of animal bones, as the phosphate of lime. 

Silicmi exists in most of the rocks, combined with 
oxygen, as silica — quartz — ^which constitutes forty-five per 
cent, of the Crust of the Earth. 

The oxide of aluminium — ^alumina forms one-fifth of 
the mineral feldspar, and abounds in clay and slate rocks. 
It is estimated at ten per cent of all the rocks. 

The oxide of Potassium also enters largely into the 
composition of feldspar and clay. 

Sodium forms a part of rock salt and other minerals. 

The oxide of calcium (lime) occurs chiefly as a carbonate 
(limestone, marble,) which is estimated to form fourteen 
per "sent, of the globe's crust. 

Magnesia, the oxide of magnesium, enters into the 
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compositioii of many rockS; and abonnds in the magneaian 
limestone. 

Iron is yery widely diffused, in the yarious forms of its 
ores, oxide, carburet, sulphuret, &c. 

The combinations of manga/nese, also are common ingre- 
dients of rocks in small quantities. 

Some knowledge of chemical facts facilitates the researches of 
the geologist, enabling him to perceive many changes which have 
taken place in the rocks through the agency of chemical affinity. 

MINERALOGY OF GEOLOGY. 

11. Of the hundreds of simple minerals described by 
mineralogists, a very few occur in large quantities, making 
up the great mass of the rooks. The most prevalent are 
the following : 

QuariZy a hard mineral, striking fire with steel ; and 
scratching, glass and other substances, (a few rare gems ex- 
cepted;) infusible before the blow-pipe, and insoluble in 
ordinary acids. The transparent grains of granite, and 
of sandstone, are quartz. 

Feldspar f a reddish white, or £esh-colored mineral) 
opake, easily scratched, becoming white and glassy by the 
heat of the blow-pipe. 

Micay a glistening mineral, tough and elastic, suscep- 
tible of division into minute laminss, giving to rocks in 
which it abounds a silvery aspect. 

Hornhlendej a black, or dark green mineral, of glassy 
luster, occurring in granite instead of mica, or associated 
with it, when the rock is called syenite; in trap rocks and 
is hornblende-slate. 

Au^te is nearly identical with hornblende in all its 
characteristics. 
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Talc^ a very soft mineittl, of .pearly luster, and greasy 

feel ; the oharacteriBtio ingredient of steatite or soapetonO| 
French chalk, and chlorite. 

Serpentine, a green, opake mineral, becoming yellow- 
ish gray on exposure ; it sometimes presents a mottled ap- 
pearanee. 

CarhoncUe of Limey marble, chalk, limestone; effer* 
vescing with acids, and reduced by heat to caustic lime. 

JMomite, magnesian limestone; a compoimd of the 
carbonate of lime with the carbonate of magnesia, infuoble, 
and effervescing slowly with acids; used in the manufac- 
ture of Epsom salts. 

Sulphate of Lime, gypsum, or plaster of Paris, alabaster. 

Chloride of Sodium, common salt 

^(TurmoZtne-HSometimes called 9chorl — a black, or dark 
brown mineral; brittle, becoming electrical when heated. 

Iron Pyirites, a yellow, hard, cubical mineral, often mis- 
taken for gold; composed of sulphur and iron. 

Iron Orei, and Coal. 

While an intimate knowledge of Bfinendogy is not indispensable 
to the Geological student, an acquaintance with those minerals 
which enter largely into the composition of rocks is necessary, 
since the strootore of the rocks is detennined by them. 

AGENCIES USED IN EFFECTING GEOLOGICAL CHANGES. 

12. The study of Nature in all its departments, im- 
presses upon the mind the idea of incessant change, as well 
in the solid strata of the earth, as in the more fleeting forms 
of animal and vegetable organization. Matter and motion 
seem to be inseparably connected. Changes, howeyer, 
whether slight and momentary, or so grand as to task the 
imagination in their conception, and require ages for their 

2 
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completion^- erince the most enduring permanence in the 
laws which produce and goyem them ; and while our belief 
in the constancy of natural laws is intuitive, we perceiye 
that incessant change is the means of effecting stability in 
the whole system. 

13. While Geologists agree respecting the nature of 
ihe agents employed in effecting former geological changes 
— ^that they were identical with those now in operation — 
they are divided in opinion with reference to the intensity/ 
with which these agents operated. One class contends that 
the phenomena require, for their explanation, much more 
extensive and violent action than we witness at present; 
while others claim that existing causes have operated 
through all periods with the same degree of energy, and 
when long continued are adequate to the production of all 
the phenomena. The latter opinion is maintained by Sir 
Charles Lycll in his Principles of Geology. 

The agencies of geological changes may be classified as 
aimosphertc, aqueous, ignepus, and organic. 

[ATMOSPHEKIC AGENCIES. 

14. Atmospheric agents produce both chemical and 
mechanical effects. The atmosphere consists of nitrogen 
seventy-nine parts, and of oxygen twenty-one parts in a 
hundred; of carbonic acid about one part in a thousand; 
and of watery vapor a variable quantity. 

Many minerals are acted upon chemically by oxygen 
and carbonic acid. The sulphuret of iron (iron pyrites) 
when exposed to moist air, undergoes decomposition ; the 
sulphur unites with a portion of oxygen, forming sulphuric 
acid, and the iron with another portion of the oxygen, form- 
ing oxide of iron ; the two new bodies, thus formed, unite 
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with eaeh other, and the ralphoret of iron is ooiiTerted into 
the sulphate of iron, (copperas.) Carbonic aeid unites with 
the oxide of iron, producing the carbonate of iron. It also 
renders water n solyent of limestone, so that wat^ charged 
with it, falling upon a limestone rock dissolves, and thus 
removes portions of it, leaving fissures and caverns in the 
rock. These chemical changes are usually followed by a 
crumbling — dinntegrcUion — of the rocks. It is, however, 
sometimes the means of consolidation, as when the carbon- 
ate of lime in solution infiltrates a mass of loose sand, it 
cements it, producing a calciferous sandstone. 

15. Winds modify the surface of the earth by drifting 
sand, gravel, shells, &c., from exposed to sheltered positionsi 
in deserts and on the sea coasts. 

The sands of the Lybian desert have buried ancient 
^tic'S and temples in Egypt. Many parts of the coasts of 
England, Holland and France are partially or whoUy sub- 
merged by them. In Brittany, of a whole village over- 
whelmed by'^drifting sands, nothing is visible above their 
surface but the spire of a church. In Cornwall and Suffolk, 
England, are sand hills composed partly of comminuted 
shells, several hundred feet above the level of the sea, ad- 
vancing upon the cultivated land at the rate of five miles in 
a century. Ansted states that on the coast of Spain, at 
Cape Einisterre, they have advanced sixteen miles in half a 
century — ^five hundred and sixty yards per annum. These 
sand hills are called in England dwnes or downs; in Scot- 
land, links. They are sometimes arrested in their progress 
by the roots of plants, especially of the arundo arenaria^ 
which bind them into a firm mass. They are also some- 
times indurated by the carbonate of iron, or lime, or by 
silica, cementing them, thus forming sandstones. The 
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l^enomena of drifting sands are exhibited in our eonntarj 
on the sand J capes— as at Cape Cod. 

16. Frost exerts a destractiye influence upon rocks. 
When water which has entered the fissures or pores of 
rocks freezes, it expands with a force adequate to rend the 
rocks ; each fragment is again subjected to the same pro- 
cess until it is reduced to powder. This is most conspicu- 
ous in rocks of loose texture, but the densest and firmest 
do not escape. Blocks and ledges of granite, by this pro- 
cess of exfoliation, lose their angles and edges, and are 
oftentimes converted into rounded and grotesque forms. 
The accumulation of fragments at the bases of precipices 
is called a talusy usually presenting a slope of about 40^. 

AQUEOUS AGENCIES. 

17. Aqueou9 agencies are exerted either chemicaUyy dis- 
solving and decomposing rocks, or mschanicaUyj abrading 
them and removing their particles. Water is the most gene- 
ral solvent known, and few rocks at the surface escape its in- 
fluence. Its solvent power is enhanced by acids and by heat. 

The amount of common salt, carbonate of lime, and 
other salts, held in solution in the waters of the Earth, is 
enormous. The amount of solid matter dissolved in the 
ocean is estimated to be more than thirty-nine parts in a 
thousand of water. From this source, shell fishes, coral- 
polyps and other animals inhabiting the sea, obtain their 
supplies for their skeletons— shells, coral-reefs, &c. The 
amount thus withdrawn is replaced by the solvent power 
of the water exerted upon the rocks to which the ocean 
has access. Water charged with carbonic acid, having dis- 
solved the carbonate of lime, or the oxide of iron, may 
lose its solvent power over these bodies by the removal of 
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the aeid; in socli case the ccmtuned salt is predpitatedi 
Such deposites of carbonato of lime are called tufa or tra^-^ 
ertin; or, if they occur in water trickling from the erevioes 
of cayemS; they are called tkdacUtet. The deposits made 
on the floor beneath the stalactites, are called MtaiagmUet. 
Similar deposites of the salts of iron previously held in 
solution constitute the hydrate of ironj hog iron ore. The 
waters of hot springs often hold vUica in solution, which 
they deposite on cooling. 

18. The mechanical agency of water is still more mani* 
fest, and is either gradual, as in the wearing down rocks by 
the rain, or rapid, by torrents, and ocean storms. 

Eiven are most efficient agents in transporting mineral 
masses. When their fiill is considerable and their motion 
rapid, they wear their beds, deepening their channels. 
They deposit the materials suspended in them along their 
banks, upon their bottoms, or at their mouths. 

Their eroding power is increased by the friction of the 
ice, sand, and pebbles conyeyed by them, and is exhibited 
on a grand scale at large waterfiEdls. The fidls of Niagara 
are one hundred and fifty feet in height, and the ayerage 
amount of water passing oyer each minute, is estimated at 
sU hundred and seyenty thousand tons. The position of 
the fiills is not stationary; they.haye receded about fifty 
yards in forty years, and it is difficult to ayoid the oondu- 
sion, that they were originally at Queenstown, seyen miles 
below their present position. The length of time required to 
wear through this space, can not be satisfactorily determined, 
since they must haye passed through seyeral rocks yaiying 
in texture, in which the rate of wearing can not now be 
ascertained. For the same reason their future progress 
can not be predicted. Their present situation is £&yorable 

2* 
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to rapid recession. The uppermost rock; over wbich the 
water falls^ is a hard limestone ninety feet thick ; beneath 
is a soft shale, which is easily worn away by frost and the 
Miction of the water, leaving the limestone jutting over, in 
table rocks, sometimes forty feet beyond the shale. From 
time to time these table rocks fall off. 
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Biyer Simeto excaynting a channel in aoUd Layai 

• 

19. The Simeto, one of the principal rivers of Sicily, 
has excavated its bed from fifty to several hundred feet 
wide^ and forty to fifty feet deep, since A. J). 1603. In 
the cut given above, a, indicates the lava bed, which des- 
cending from the summit of the great volcano, has flowed 
five or six miles, and usurped the old bed of the Simeto, e ; 
B, the present, bed of the river. The lava is not soft and 
scoriaceous, but is a compact, hard rock, c, indicates the 
foot of the cone of Etna, and d, marine and volcanic beds. 
The general declivity of the river is slight, having two falls 
of six feet each. The abraded materials of the volcanic 
rock have greatly assisted the attrition.* 

20. The mechanical force of rivers is exerted in carry- 
ing forward the sedimentary matter contained in there. 
When the rapidity of the stream is diminished the heavier 
portions of the sediment are deposited : but when the rate 

♦ Lyell*8 Principles. 
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<^ the current is increased by freshets, coarse ^gravel, peb- 
bles, and even large blocks of stone, are borne forward by 
it. Torrents, produced by the bursting of dams, are very 
destructivo in their effects. A remarkable example of 
this action occurred in the Yalais (Switzerland) in A. D. 
1818. A dam four hundred feet high and six hundred feet 
wide was formed across the valley during the winter, of the 
rocks and ice brought down from the mountains by ava^ 
lanches. The water of the river Dranse accumulated 
in this lake containing more than eight hundred million 
cubic feet. The inhabitants, anticipating destructive results 
from its eruption, opened an orifice in the dam near the 
surface of the water, by which three-fifths of the water was 
conducted off in three days, without violence. The barrier 
then gave way, and all the remaining waters were dis- 
charged in half an hour. The torrent reached the Lake of 
Geneva, forty-five miles distant, in six hours, destroying 
houses and trees that were in its path, and strewing the 
vall^ey with rocks and earth. 

The rapidity with which water excavates a channel was 
illustrated a few years since in the town of Glover, Ver- 
mont. A small channel made from Long Pond, which was 
two and a quarter miles long by one ^d a quarter wide, 
with a depth of one hundred and fifty feet, was in a few 
minutes so enlarged as to discharge all the water into Lake 
Memphremagog, twenty miles distant, with the usual vio- 
lent effects of an inundation. 

21. The transporting power of water is rendered more 
efficient by the loss of weight which minerals sustain in 
water. Most min<;rals weigh about one-half as much in 
water as in the air. It is ascertained hj experiment that 
a velocity of six inches per second will raise and transport 
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on a horizontal surface, fine sand; eight inches, eoarse 
sand; twelve inches, gravel; and tweni^-four inches, rounded 
pebbles. Fresh water moying with a velocity of one and a 
half mile per day, raises fine clay, and eight and a half 
miles per day removes sand. Fine mud settles so slowly 
in moving water that it is often transported hundreds of 
miles before reaching the bottom. For this reason the sedi- ' 
ment of rivers near their mouths consists mostly of mud. 

22. Deposits of mud are called sUt, The thickness of 
the alluvial bed of the Mississippi river one hundred miles 
above its mouth, is two hundred and fifty feet. Bivers in 
this way sometimes raise their beds higher than the adjoin- 
ing plains, and forsaking their old beds, flow in new chan- 
nels. The Po has repeatedly deserted its bed, destroying 
a number of towns. Several churches have been taken 
down and removed to escape its erratic movements. In 
one instance, during the fifteenth century^ it retumied to 
the bed it had forsaken, but again deserted it during the 
same century. It is now restrained by artificial banks on 
an elevated mound, so that its surface at Ferrara is higher 
than the roofs of the houses in the city. The Mississippi 
is also confined by levees, 

23. Deltas are, deposits of mud, sand, and gravel, 
made at the mouths of rivers, triangular in form, with the 
apex of the triangle up the stream. They are called deltas 
from their resemblance to the Greek letter A. Deltas are 
fiuviatile when formed at the entrance of one river into 
another ; hicustrine when at the entrance of a river into a 
lake ; and maritime when the river empties into the sea. 

These deltas often accumulate rapidly, and mountain 
lakes are sometimes entirely filled up by them. The Rhone 
and Arve enter the Lake of Geneva as turbid streams, but 
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tbt Rhone waetgea from the lake perfectly tmupvent. 
The delta formed u lix miles long— • flat lUuTial pLun of 
nnd and mod. An saoient town, Fort Valhue, (Portns 
TaleniB of the Romans,) vhkli anciently stood npon tha 
ehoie of the lake, has had ita harbor ulled np, and u now 
more than a mile and a half iAlond. Mr. Lyell says, " We 
may look forwaid to the period when this lake will be filled 
np, and then the dietribntion of the trani^NHied matter will 
be suddenly altered, for the mnd and suid bronght down 
firom the Alpe will thenoefwth, instead of being deposited 
near Geneva, be carried nearly two hundred miles sonth- 
words, where the Rhone enters the Meditcrrxnean." The 
Rhone after leaving the Lake of Geneva again acquires 
sediment, and has formed a maritime delta at ita month of 
three hundred and twenty thousand acres. The month of 
the river has advanced more than eight miles since the 
commencement of the Christian era. 

24. The delta of the Tig. 7. 

iVife commences one hnn- 
dred miles from tlie Med- 
iterranean, and is two 
hundred and thirty miles 
broad. It does not at pre- 
sent increase much, be- 
cause the sediment which 
reaches the Mediterran- j 
can is swept away by an I 
easterly current, and the 
detritus bronght down by 
its periodic floods are spread over the plains of Egypt. This 
fertilizing deposit, conBisting of silica, alumina, oxide of 
iron, and carbonates of lime and magnesia, has accumolatcd 
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to the depth of more than six feet since the oommenoement 
of the Christian era. 

25. The Ganges presents a delta of gigantic dimensionSy 
commencing two hundred and twenty miles from the sea, 
and haying a base line of two hundred miles. It renders 
the waters of the ocean turbid sixty miles from the coast 
The total amount of sediment annually discharged being 
one four hundred and fiftieth part of the whole weight of 
the water^ is six billion three hundred and sixty-eight mil- 
lion tonS; an amount sufficient to cover a township five miles 
8q[uare to the depth of ten feet. 

The whole coast of Northern Central Europe^ from Csf 
lais to the Baltic^ has been covered with mud brought down 
by the Ehine, which in some places is several hundred feet 
thick. Experiments show that the quantity yielded by this 
river^ is about four hundred tons weight per hour. 

26. The delta of the Mississippi comprises an area of 
thirteen thousand six hundred square miles, projecting into 
the Gulf of Mexico, with a depth of 1056 feei^ and contain* 
ing 2720 cubic miles. The quantity of water annually dis- 
charged by the river is 14,883,360,636,880 cubic feet; 
quantity of sediment discharged is 28,188,083,892 cubic 
feet, being the one five hundred and twenty-eighth part of 
the water. One cubic mile is formed in five years and 
eighty-one days. . The formation of the whole delta would 
have required, at this rate, 14,203 years. The quantity 
annually discharged is sufficient to cover a township five 
miles square with a layer of mud forty feet thick. 

27. The accessions to the land from the sediment 
brought down by the Po and the Adige, are one hundred 
miles long, and vary in width from two miles to twenty 
miles. The town Adria^ a seaport in the time of the Em* 
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peror Augustus, which gave its name (Adriatic) to the gal^ 
is now more than twenty miles inhind^ 

28. The detritus of the Amaason does not form a delta 
at its mouth, but is swept by ocean currents, and distribu- 
ted partly in the ocean, where it is discernible three hun- 
dred miles from the mouth of the river, and partly to the 
coast of Guiana, where it has formed an immense alluyial 
deposit. When the matter deposited at the mouth of a 
riyer has not accumulated sufficiently to rise to the surface 
of the water, it is called a bar. Such a bar, called ^* the 
Oyerslough,'' is formed a few miles below Albany, in the 
still water caused by the meeting of the waters of the Hud- 
son with the tide from the ocean. The attempt to remove 
this obstacle to navigation by contracting the river, tended 
only to increase the velocity of the current and thrust the 
bar farther down the river. 

29. In addition to the materials conveyed mechanically 
by water, extensive deposits are made by springs. The 
waters of many springs are charged with carbonate of lime, 
which is deposited when the water issues from the rocks. 
Substances deposited in such water become incmsted with 
limestone. This is not petrifaction, since the substance 
undergoes no change, but is simply enveloped in the mcrust- 
ing mineral. v 

^ Fig. 8. ■ / / ' 




Incrasted Twf^' 

The preceding cut exhibits a stick thus incmsted. Many 
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mch eprings in northeni Ohio incrnst the mosses groniiig 
in their vicinity, furnishing beantifnl bat frail specimens. 
The loose, porons rock formed hj these deposits is called 
tu/a ; the compact b called travertin. Beds of these, some 
miles In length and several hundred feet thick, are formed 
by springs in France and Italy. At Son Filippo, in Italy, 
medallionB are made by condacting the water into moolda; 
the deposited matter filling the mould, presents a marble 
cast of the figure. The beautiful alabaster of Tabreez, in 
Persia, hns the same origin. 

30. Deposits of tiUeumt matter are made by hot springs. 
In the Azores islands hot springs, rising through volcanic 
rocks, deposit large qnantities of tiliciout tinier, as it is 
called, incmsting with beaatifnl crystalline scales all sub- 
stances with which their waters come in contact. But the 
most remarkable hot springs are the Geysers of Iceland, 
whose circnlar basins are lined with the nlica of their 
waters. Some springs deposit iron ore, common salt, 
asphaltum or mineral pitch, (Seneca oil,) &o. 

SI. Another mode of action of water is exhibited in 
la»d tUdet. In the year 1806, after a rainy season, the 
Bossberg, a monntain in Switzerland, was nndermined, and 
a mass of two thousand millions of cubic feet precipitated 
into the valley, forming hills two hundred feet high, and 
destroying several villages. Land slides hare also occurred 
from a umilar cause 
in the White Moon- 
t^ns, and near Troy, 
New York. The 
banks of the Lake' 
and the Cuyahoga | 
Talley in the city of Kg. ».-und BUd« m ownimn. 
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CleTclimd, ore frequently Bnbjeoted to the ume proems of 

dcgnulittioii, aa shown in figure 9. The water which 

fiiUs npon the saiiao 

passes through tb 

BtraliL of gravel an 

sand D and c, and ai 

oumulates upon tb 

bed of bine clay i 

which is mostly in 

pcrvioos to water ; from this it issues, forming springs, and 

currying ont the sand undermines the npper beds. Thii 

degrading influence is increased by the erosive action of &9 

Wiivaa of Lake Erie, x, on the clay bed, aa shown at B, in 

figure 10. 

32. Glacien and itebergi — water in a solid form — are 
very influential in efTecting changes upon the suriaoe of thft 
earth, and their peculiar phenomena have recently attraoted 
much attention on the part of geologists. 

Glaciers are immense bodies of ice formed in the val- 
leys or on the sides of mountains, extending many miles, 
and remaining undissolved by the heat of summer. Per- 

Kg-tl. 
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(ions of tlieir mass ore granalu- enow cemented by ic«. 
Ihey Taiy in thickness firam one hnndred to eight hun- 
dred feet, and lave a very gentle slope. Their snrfaee 
is very rongh and often studded with conical masses of ice, 
called needlet. They are traversed by wide fissurefl pro- 
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dnced b; contraotioD in the winter. Each vioter ulda a 
new layer b> tbeir sorfice; the snow, however, disappearB 
from their surfaces in anmmer, as regularly as from the 
snrronnding rocks. Bipanaion, gravitj, and the forme of 
the vallejB, cansc them to advance slowly down, Bomctimea 
even to the borders of cnltiration. " The very hute of the 
peasantry," says Profesaor Forbes, "are Bomelimes invaded 
by this moving ice, and many persons now living have seen 
the full cflTB of corn touching the glaciers, or gathered ripe 
cherries from the tree with one foot standing on the ice." 
The surfaces and mass of glaciers abound with fragments 
of rocks which are often airanged in long lines, and are 
called moraine*. The rocks over which glaciers pass are 
smoothed, scratched and grooved, by sand and angular 

Fig. 18. 



stones forced forward by their enormous pressure. These 
Btriie and grooves are parallel to each other, because th« 
fiagments which produced them are fixed in the bottom of 
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the glacier. Sometimes loose stones give rise to irregnlar- 
ilies of direction and figure. 

33. From glaciers formed in high latitudes neai the 
sea, tragments of various sizes fall into the ocean, and con- 
stitute icebergi. The polar seas abound with them at all 
seasons, and marine currents float many of them into lower 
latitudes. Thej are aometimea of great aize; one measured 
thirteen miles in length, and one hundred feet above the 
water, giving a thickness of seven hundred or eight hundred 
feet.* Floating into warmer water and atmosphere, ice- 
bergs melt, depositing their loads of earth and rocks on the 
bottom of the oeean. Many of them strand upon the New- 
foundland Banks, and after heavy rolling and diaturhance 
of the bottom, tliey melt, and mingle the fragments they 
conveyed with the sands of the Banks. Similar pheno- 
'meno, on a smaller scale, are witnessed in lakes and rivers; 
a fragment of rock is flbated to one side and there left \yj 

Fig. 14. 
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the mcltmg ice ; tlie succeeding season it may be returned 
by the same agency to the other side. 

34. The geological agency of the ocean is, like that of 
riverS; twofold. Ist^ Erosive, wearing away the coast, 
undermining and ezcayating cliffs ; and, 2nd, transporting 
and accumulating the detritus to form new land. It pro- 
duces these effects by means of toavesy tides, and currents, 

35. The action of ioaves is incessant, but varies in ex- 
tent according to the nature of the exposed shore. Since 
they do not penetrate very deep, and have no progressive 
motion in the open sea, they do not affect the bottom of 
the ocean, except where it is very shoal. Cliffs of soft 
rocks, clay, chalk, or sandstone, are very rapidly under- 
mined and worn away. The hardest rocks, however, can 
not resist its never ceasing attacks. Headlands of alter- 
nately hard and soft rocks, especially if intersected by 
crevices, are worn away with very great rapidity. The 
coasts of England exhibit this erosive action of the ocean 
in a remarkable degree. The cliffs of Yorkshire, it is 
ascertained by careful measurements, repeatei^ after inter- 
vals of many years, are worn away six feet in breadth, 
annually. The average annual loss on the coast of Norfolk 
is about three feet. When Mr. Lyell, in A. D. 1829, visit- 
ed Sherringham, Norfolkshire, he found water twenty feet 
deep, where forty-eight years before stood a cliff fifty feet 
high. In the county of Kent, near the mouth of the 
Thames, stands the Church of Beculver, upon a cliff twenty 
feet above the sea. In the- time of King Henry VIII. the 
distance between the church and the brink of the cliff was 
one mile. The following cut represents the appearance of 
the spot in A. D. 1781, when the encroachments of the 
sea had attracted notice, though considerable space, with 
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other buildings, intervened betveen tte clmrcbTard and 
the cliff. The walb of an ancient Soman fort»ficalioa 
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which was two hundred and forty feet nearer the sea than 
the chnrch was, had recently been undermined and pre* 
cipitated info the ocean. In A. D. 1804, a part of the 
churchyard with some adjoining houses was washed away, 
and the ancient church with its two lofty spires, a well 
known land-mark, was dismantled, and abandoned as a 
place of worship. Figure 16 represents it as it appeareiJ 
in A. D. 1834. It would probably long since have falleUi 
had not the incursions of the ocean been checked by an 
artificial causeway of stones and large wooden spiles driven 
into the sands to break the force of the waves. The isle 
of Sheppey, seen at some distance from the main land, ob 
the right hand, in figure 15, which is six miles long and 
fonr brood, is continually undergoing abrasion, having lost 
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fifty acres within the last twenty years.* There are other 
instoticea in which ishinds in this (Qernum) ocean, and im- 
portnnt seaport towns, have been entirely obliterated. 

36. The English ohauuel probably owes ita origin to 
tlie erosive action of the ocean, the geological featnrei 
of the ooaata of England and France, clearly indicating 
that they were formerly united. During the tbirt«entb 
century, a channel half as wide as the English channel, 
was excavated in the north of Holland, separating Frieft- 
land from tho main land. Immense labor is oont^noally ex- 
pended in Holland to prevent incursions of the ocean, whioh 

• LjaU's Prinoiplm. 
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threaioi to immdate much of tiie conntiy, and destroy &a 
oities (rf Ainaterd&m and Ley.^en. The effect) of this constant 
abrasion on exposed coasts, is seen in the production of 
caverns, bridges, and isolated pinnacles of rock, as exem- 
plified b; the chalk "Needles" of the English coast, and 
the " Drongs" of the north of Scotland. Figure 17, pre- 
sents a view of the cluster of rocks seen to the south of the 
Hillawick Ness, one of the Hebrides. These granite rocks 
are all that remain of a former island, which may, at an 
earlier period, have been a promontory of the nuun land. 
Fig. 17. 
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87. The coasts of New England and Nova Scotia also 
exhibit striking instances of the abrading power of the 
ocean. Boston harbor has been formed by this agency; 
the oat«rmost islands in it, exposed to the violence of Hie 
waves, consist of bare rock; and the more sheltered ones 
are oontjnnally losing a portion of their covering. At 
Oap« May, on the north side of Delaware Bay, the sea )iaM 
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encroaohed upon the land at the rate of nine feet in a jear; 
Mdd at Sullivan's island, near Charleston, South Carolina^ 
four hundred and forty feet^in a year. The waves of inland 
seas and lakes produce similar effects. The indentations 
of the shores of Lake Erie were caused by this agency. 
The mode in which it operates at Cleveland, has been 
already illustrated in § 33. The ordinary effects of the 
ocean's agency in wearing and transporting rocks, are 
greatly enhanced by storms. Masses of rock of from ten 
to thirty tons weight, have been forced by them up an 
inclined shore. During the erection of the Bell Bock light- 
house, six granite blocks were thrown over a rising ledge 
twelve or fifteen paces, and an anchor, weighing two thou- 
sand two hundred pounds, was thrown up upon the rock 
from a depth of at least sixteen feet. 

38. The periodical elevations of the ocean waters, called 
tideSf varying from two and a half feet to seventy feet in 
height, extend the limits of the ocean's power, and produce 
very marked effects in narrow channels, bay» and estuaries. 
The action of the tide wave is alternate, advancing and 
receding, destroying as it advances, and bearing away the 
debris as it recedes ; differing in this respect from cnrrentS| 
which carry the fragments which they produce or meet 
with, only in the direction of their course. 

'' The bore " is a term applied to a sudden influx of tho 
tide into a river or strait, which, resisted by the descending 
water, and forced into a narrow channel, rises suddenly^ 
and exhibits the phenomena of breakers on a shelving 
shore. It is most conspicuous at the time of spring or 
ighest tide. The bore in the Severn is sometimes nino 
feet high; in the Bay of Fundy seventy feet, producing 
inundations, sometimes sweeping off trees and animals. 
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89. Another kind of movement in the waters of the 
ocean i» exhibited by marine currents, which perform a 
most important part in the economy of nature. They are 
of two Mnds; drift, and stream currents. Drift currents are 
the result of a constant or prevailing wind on the surface 
of the ocean, penetrating to no great depth; rarely exceed- 
ing in velocity a half mile per hour, and are easily turned 
from their course. They are produced chiefly in the regions 
of the trade winds, and sometimes originate stream currents^ 
which are immense oceanic rivers, covering a space of on& 
to three hundred miles in breadth, and reaching to a very 
great depth. They are caused by the tendency of water 
that is displaced to restore the equilibrium of the surface of 
the ocean. The origin of the displacement is not satisfac- 
torily ascertained. It has been ascribed to winds, unequal 
evaporation, difference of rapidity of diurnal revolution in 
different latitudes, &c. 

The velocity of the currents varies in different parts of 
their course — ^in some the average is sixty miles, with a 
maximum of one hundred and twenty miles in a day. 
Their temperature is either higher or lower than that of 
the surrounding sea, according to the temperature of the 
region in which they have their origin. This difference 
amounts to from 10^ to 30° Fahrenheit. Some of these 
currents extend their course through many thousand miles. 
The same current has different names applied to it in sue- 
cessive parts of its course. 

40. The chart. Figure 18, presents a general view of 
ocean currents, especially of our Gulf stream, which is a 
continuation of the Mozambique current running between 
the eastern coast of Africa and Madagascar : doubling the 
OaT)e of Good Ho];^. it enters the Atlantic ocean as the 
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Cbirt of Onaalo Conviti. 

Cape or Agnlhat current. Thence, under the name of 
southern AtlanttG current, it flowB north-easterly until its 
course ia turned to the westward b/the coast of Afticft, uid 
the opposition of the O^oinea current from the north. It 
now forma the Eguatarial currenf, and Btretches aoiOBS the 
Atlaatio, on both sidoB of tbe Equator; about midvay be- 
tween Africa and South America it divides, sending a branch 
southward along the eastern ooast of South America, form- 
ing the Brasil current, while the main stream oontinaes its 
course by the coast of Gniana, crossing the waters of the 
Amazon and receiving those of tbe Oronoco, and enters the 
Caribbean Sea, as the Guiana current, from the Gulf of 
Mexico, it isBueaas the Gu^/* stream, ninning north-easterly 
by the coast of Florida and Cape Hatteraa to the St. Qeorgo 
and Nantucket Banks, and thence eastward by the Azores 
to the coast of Europe. The length of tbe Gulf stream 
from Florida to the Azores, is three thousand Sra bnndnd 
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xnileSi which is trayersed in seventy-eight days — ftt an 
average rate of thirty-eight miles per day. The amount of 
water conveyed in it is more than three thousand times the 
amount discharged by the Mississippi river, many times 
greater than all the fresh water in the rivers of the globe. 
In a part of its course near the Florida Gulf; its velocity is 
that of a torrent — five miles per hour.* 

41. The temperature of the Gulf stream at the Florida 
coast is 86^ Fahrenheit, declining, as it advances northwaroly 
to 73^ at the Azores. This vast expanse of water, whose 
temperature is 10^ above that of the ocean, must have a 
great effect upon the climate of adjacent countries. '^ A 
simple calculation,'^ says Lieutenant Maury, "will show 
that the quantity of heat discharged over the Atlantic from 
the waters of the Gulf stream in a winter day, would be 
sufficient to raise the whole column of atmosphere that rests 
upon France and the British islands, from the freezing 
point to summer heat. It is the influence of this stream 
upon climate, that makes Ireland the Emerald isle of the 
sea, and clothes the shores of England with evergreen 
robes ; while in the same latitude on the other side, the 
shores of Labrador are fast bound in fetters of ice. In. 
A. D. 1831, the harbor of St. Johns, Newfoundland, was 
closed with ice in the month of June, although it is 2° far- 
ther south than Liverpool; and the influence of the Gulf 
stream is felt in Norway, and on the shores of Spitz- 
bergen." 

42. On issuing from the straits of Florida, the waters of 
the Gnlf stream are of a deep indigo blue color, and the 
line of ^paration between it and the green waters of the 
Atlantic, i» plainly visible for hundreds of miles. The 

^ JoluiBton's PliyBical Atlas. 
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great eddy in the middle of the Atlantic, canscd by these 
currents, extending from 30^ west longitude to the Baha- 
mas, and between the parallels of 20^ and 45^ north lati- 
tude — embracing two hundred and sixty 'thousand square 
miles — ^is called the Sargazo sea, because its surface is 
covered with the gvHf weedy (in Spanish, Sargazo.) In 
many places it is so thickly matted, as to retard the prog- 
ress of vessels through it. 

43. The Arctic current^ originating within the polar 
circle, runs by the shores of Greenland and Labrador form- 
ing the Hudion Bay current; comes in collision with the 
gulf stream at Newfoundland, where it divides, and sends 
a branch southward by the coast of the United States, con- 
stituting the counter current^ between the gulf stream and 
the coast. It enters the Caribbean sea as an under current, 
replacing the warm water sent through the gulf stream, 
and mitigating the climate of Mexico and Central America. 
The temperature of the Caribbean sea at the depth of 240 
fathoms, has been found as low as 48^ while that of the 
surface was 85^. This current conveys icebergs from the 
polar seas. Captain Scoresby counted five hundred ice- 
bergs in it at one time. Meeting the gulf stream at New- 
foundland, they deposit enormous loads of rocks and earth, 
having thus greatly extended, and probably originated the 
Banks. The d^th of l^e great oceanic stream currents has 
not been generally ascertained, but is in some cases seventy 
fathoms and probably more. Their mechanical effects, espe- 
eially when they move rapidly, must be great at consider- 
able depths, and they transport materials hundreds of miles. 

44. Am tides and currents powerfully co-operate with 
waves in ieslroying rocks on the shore of the ocean, so also 
do thej conspix^ in reproducing land, forming banks, and 

4 
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silting up estuaries. Currents assort the materials trans- 
ported by them^ depositing the heavy fragments of rock 
very near where they receive them; conveying the sand to a 
greater distance^ while the mud settling very slowly may 
be transported a yery great distance. Since the direction 
and velocity of the current are tolerably uniform^ the de- 
posits will be in a good degree homogeneous. The bed of 
the German ocean is traversed by sand banks^ one of which 
" the Dogger Bank," is three hundred and fifty-four miles 
long and eighty feet high. The greatest deposits, espe- 
cially of fine clay, are probably made in the quiet depths of 
the ocean, beyond our observation. By the agency of tidal 
waves, sand is forced upon beaches ; and when aided by 
storms, the sand is carried beyond the reach of succeeding 
waves. The isthmus of Suez, between the Mediterranean 
and Bed seas, has doubled its breadth since the time of 
Herodotus. The collection of loose round water-worn peb- 
bles, accumulated on beaches by waves, is called shingle. 
Very many bays and estuaries, are shoaling rapidly with 
the sediment conveyed into them by the waves of the ocean. 
The amount of matter brought down by rivers and deposi- 
ted as deltas, is quite insignificant when compared with 
ocean deposits. So great is the quantity of detritus held in 
suspension by sea-water, that extensive tracts of land which 
have been purposely flooded with it repeatedly, have been 
raised five or six feet. The ocean also disperses through its 
vast extent, the saline substances, as common salt and car- 
bonate of lime, which it obtains either directly from the 
rocks, or from the rivers which empty into it. 

45. The general rtBuU of atmospheric and aqueous 
figencies, is the reduction of elevated portions of the earth 
to lower levels. The loss of land through their influence 
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greatly exceeds all deposits in the form of dry land; 
quently a large portion of the detritus is spread OTer the 
bottom of lakes and of the ocean. 

IGNEOUS AGENCIES. 

46. We have seen that the tendency of atmospheric 
and aqueous agencies is to destroy the inequalities of the 
Earth's surface, and deposit the materiolB thus separated at 
the mouths of rivers and on the bottoms of lakes and seas. 
An antagonist force, however — ^the tgneaiu ctgencjf — ^is as 
constantly operating to restore and produce these inequali- 
ties. This agency exhibits itself in the phenomena of 
volcanoes^ earthgudkesj hot-^pringsj and gradual eUvatiora 
of extensive lines of coasts and continents. 

47. Volcanoes are openings in the earth, through which 
melted rock, lava, smoke, ashes, gases or vapors are dis- 
charged. They are usually inverted cones or craiers at the 
summits of conical hills or mountains, which vary in height 
from the smallest hill to nineteen thousand feet, (Cotopaxi.) 
When they exist upon land they are called suhaertal ; when 
under the sea, tubmarine. Those which exhibit no evi- 
dence of action since the commencement of the historic pe- 
riod, are deemed extinct Of the active volcanoes, some 
are constant, others intermittent. The periods of inter- 
mission vary from a few months to centuries. Monte Epo- 
meo, in Ischia, after remaining dormant one thousand seven 
hundred years, again burst forth in the early part of the 
fourteenth century of the Christian era. Volcanic vents, 
which emit only sulphurous, watery, and acid vapors, are 
called sol/ataras. 

48. The number of active volcanoes is about three 
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bundTed j of which two-thirds are on islands of the oceans 
and the others are usually near the sea. Some, however^ 
are remote from large bodies of water, as Peschan in Cen- 
tral Asia, which is twelve hundred miles, and some of the 
Mexican and South American volcanoes, one hundred miles 
distant from the sea. Volcanoes are grouped as central, in 
which the disturbing power manifests itself in radii from a 
central point, as the Peak of Teneriffe and the Isle of Pal- 
ma (one of the Canary islands) ; or volcanic chains or hands, 
in which a number of vents occur in a line extending .over 
many miles, oftentimes coinciding with mountain chains. 
Such a band is presented by the volcanoes of America, those 
of the Andes and Rocky Mountains being connected by tho 
Cordilleras of Mexico. The same chain may also connect 
with the remarkable line of volcanoes passing through the 
Aleutian Islands, Kamschatka, Japan, and the Molucca 
islands; thence by the Antartic Land (on which Captain 
Ross observed active volcanoes) to Terra del Fuego, thus en- 
circling the globe. 

49. The phenomena of an ervption usually com- 
mence with rumbling sounds in the earth and emission of 
smoke, sulphurous and acid gases from the mountain; 
stones and ashes are thrown with violent explosions from 
the crater, the earthquake increasing, until the molten lava 
flows freely down the mountain's sides. Toward the close 
of the eruption, cinders, red hot stones, and smoke are 
again thrown out. Impetuous showers of rain, with vivid 
lightning, and if the mountain is snow-<)lad, the sudden 
melting of snow and ice, render the scene still more com- 
plicate and awful. The lava sometimes does not rise to 
the brim of the crater, but bursts through the sides of the 
mountain and flows over the surrounding country. 
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50. The greatest exhibition of eraptiro videnoe on 
record oocorred in the island of Sninbawa (one of the 
Sunda group), in the year 1815. It commenced on the 
fifth of April; increased in violence until the twelfth, and 
ceased in July. The explosions were heard in Sumatra, 
nine hundred and seventy miles west, and at Temato, 
seven hundred and twenty miles east of the island. The 
ashes were carried three hundred miles in the direction of 
Java, and two hundred and seventeen miles northward 
toward Celebes in sufficient quantity to produce darkness 
equal to what is ever witnessed in the darkest night. The 
floating cinders westward of Sumatra formed a mass two 
feet thick, several miles in extent, through which ships 
with difficulty forced their way. Several streams of lava, 
issuing from the crater of the Tomboro mountains, covered 
extensive tracts of land and ran into the sea. The area 
convulsed by this volcanic paroxysm was one thousand 
miles in circumference. Out of a population of twelve 
thousand on the island, twenty-six only survived.* 

51. Of all eruptions of modem times, the most re- 
markable in respect to the quantity of lava ejected was that 
of Skaptaa Jokul, in Iceland^ in the year 1783. On the 
eighth of June of that year, clouds of smoke began to 
collect in the mountain, obscuring the light of day, show- 
ering down great quantities of ashes and sand. On the 
tenth, slight shocks of earthquake and flames were per- 
ceived. On the eleventh, the large river Skaptaa, which 
had been much swollen, entirely disappeared, and the next 
day a current of lava rushed down the mountain and 
overflowed the channel of the river, which was in some 
places from four hundred to six hundred feet deep, and 

♦Lyell*8 Principles. 
4* 
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two hundred feet broad. The lava continued to flow until 
the twentieth of July, pouring over a lofty cataract, and 
fiUing up in a few days an enormous cavity which the river 
had been for ages hollowing out. On the night of the 
ninth of August, another torrent overflowed the country to 
the extent of more than four miles. The eruptions con- 
tinued, with intervals, till the end of August, and closed 
with a violent earthquake. One of the streams of lava 
WM fifty miles long by twelve broad, and the other forty 
miles long by seven broad. Their thickness was, in the 
narrow channels, five or six hundred feet; but on the 
plains rarely more than one hundred feet, and in some 
places only ten feet. Taking the lowest average thickness, 
the mass of lava can not have been less than twenty thou- 
sand millions of cubic yards. Thirteen hundred human 
beings lost their lives, more than one hundred and fifty 
thousand domestic animals were destroyed, the fisheries on 
the coast were ruined, and it is affirmed that Iceland has 
not yet recovered from the ravages of this eruption of 
Skaptaa Jokul. The great mass of lava spread over the 
land by this eruption, distended by gases, cooling on the 
surface and becoming solid, while the central parts continued 
liquid and flowing onward, left caverns of great extent and 
singular appearance. 

The cavern of Surtsheller, or the "black cavern," is a 
long, winding canal, with several branches, enclosed by a 
crust of lava six feet thick. It is twenty-five feet wide, and 
its sides and vaulted roof are studded with stalactites of 
lava and ice. 

52. The history of Vesuvius and Etna is more com- 
plete than that of any other 'center of volcanic action, be- 
cause their phenomena have been for a longer time intelli- 



IQNXOCS AOENCIEa. 
Fig. 10. 



BortihilliT Cura In Lavm. 

gently observed and recorded. The southern part of Italy 
has, from the earliest periods of human observation, been 
subject to violent Tolconie action. Bat previooa to the' 
ChristieLD era, no record or tradition of eruptions from 
Vesuvius existed. The summit of the cone, called Sommaj 
DS eDcirclcd with vines, and its sides were covered with 
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luzariant vegetation. At ita base were large toirns, amoog 
wliich were Herculaneam ood Pompeii. At this period, 
lachia, Frocida, and the Phlegrean fields were the scenes of 
voleanic eruptions. 

53. After a slumber of ages, Veauyjus, in A. D, 63, ex- 
hibited signs of internal agitation in ciulhquakes, vhich 
increased in frequency and energy until the year 79, when 
an eruption oTcrwhclmed the cities Herculaneam, Pompeii 
and StabisB. During sixteen hnndred years these cities 
were buried from human obseryation and memory beneath 
Tolflonio asbcs and lava. In A. D. 1713, in sinking a well, 
somo pieces of marble and statuary were discovered. This 
lod to cxtcnsiTO excavations in Pompeii and Hcrculaneum. 
Fig. 20. 



TmhtIiu, diowlDS the >lte or Fomp^ lud tbe Blitr Satoo. 

As the former city was buried in ashes and mud, its exhu- 
mation is comparatively easy, and has fumushcd an immense 
Rtorc of ontiquiticB — pointing.i and sculptures, linen cloth, 
household utensils, nicdiciat;s, loaves of brc:id with llic Icgi- 
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lile stomp of the baiter, papyri, &c., in a perfect Btate of pre- 
semtion. Few humiui Bkeletona hare been found, moat of 
the inhabitants having fled before the irruption. Since 
that period there bavo been fortj eruptions of VesnTius, 
Eome of which have destroyed towns — as that of 1681 in 
Khich ktva cnrrents with floods of mud overwhelmed Besina 
which was built over Herculanenm, and that of A. D. 1784, 
in which Torre del Greco was encased in luvn. The erup- 
tion of A- D. 1822, W3S characterised by violent explomns 
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which threw out the lava which had consolidated, altering 
the shape of the crater, and reducing the height of the 
mountain from four thousand two hundred to three thousand 
four hundred feet. The preceding cut presents the appear- 
ance of the crater in 1829. The amount of lava ejected by 
Vesuvius in the eruption of 1794, exceeded twenty-two 
millions of cubic yards. 

54. Etna has been known as an active volcano from the 
earliest periods of tradition. Ita height is ten thousand 
eight hundred and seventy feet. The base of its cone is 
eighty-seven miles in circumference, and there are numer- 
ous subordinate cones or secondary volcanoes upon the 
sides of the mountain. More than eighty eruptions of this 
mountain are recorded, several of which are characterized 
by the great amount of lava ejected } the whole quantity 
erupted far exceeding the mass of the mountain. The lava 
of the eruption of 1669 overwhelmed fourteen towns and 
villages, with a portion of the city of Catania, running into 
the sea, and covering eighty-four square miles. Its erup- 
tions sometimes, instead of occurring at its summit, take 
place through fissures in its sides, which abound with lava 
dikes. 

55. The volcanoes of America are generally distinguished 
by their great height and number. Within two degrees of 
latitude from the Equator on either side are nine active 
volcanic vents, including Cotopaxi, Tunguragua, Antisana 
and Pichincha, all of which are from sixteen thousand 
to nineteen thousand feet above the level of the ocean. 
The whole plain on which Quito stands, nine thousand five 
hundred feet above the sea, with the adjacent mountains, 
seems to constitute an immense volcanic dome, embracing 
six hundred square miles, which is almost constantly agi* 
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tated by mtema] convulsions, finding Yent by eruption at 
the Tariooa craters. Cotopaxi, which rises to the height of 
eighteen thoasnnd eight handred and eighty feet, hod fire 
great eruptions daring the last century, irhii^ were heard 
at distances of from one hundred and forty to riz hun- 
dred miles on the PaciGo coast; Molten lava is rarely 
raised so high as the Bummit of these volcanoes, but ciudert 

Kg. 22. 



and pumice are ejected. The most destructive effects ue 
produced by the torrents of mnd and boiling water, which 
result from the melting of the snow with which the moun- 
tain is covered, and the bur&tjng of lakes and subterranean 
cavities. These currents of mud and water fill the valleys 
to the depth of several hundred feet, and ofrentimes contain 
eo many fishes, that their putrescence renders the atmosphere 
unwholesome for many miles. 

66. In Mexico the transverse band has five active 
volcanoes, of which Popocatapetl and Jorullo have attracted 
most attention. P^oeataped (Smoking MonntaJn) attains 
the height of seventeen thousand seven bnndred and twenty 
feet, is sngw clod, and continnally emits smoke and vapors. 

57. The formation of the vtdcano Jorullo exhibits an 
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instance of the origin of a. yolcanic monQtoin suddenly ela- 
Tated one thousand six hundred and ninety-five feet above 
the pLun, (four thousand tno hundred and ^tj-five feet 
above the ocean,) more than one hundred miles distant from 
the aea, and quite remote from any active volcano. It oc- 
curred on the plain of Malpais, nest of tho city of Mexico, 
in the year 1759. In the mouth of June of that year, 
alarming aubterranean noiees, nith frequent earthquakes 
commenced and continued about GAy days. After a period 
of apparent tranquillity, on the night of the 28th of Sep- 
tember the inhabitants were compelled to leave the con- 
vulsed plain, in which a tract of four square miles heaving 
like an agitated sea, was raised to a height five hundred 
and tweoty-four feet; flames were seen to issue, and frag- 
ments of burning took were thrown to great heights. Two 
rivers were precipitated into the chasms, increasing the 
fury of the flames. Thousands of small cones rose up on 
the plain from six to ten feet high, called by the Indians, 
ovom (homitos) emitting sulphureous vapors and smoke. 
Id the midst of these Jvmarolts, stood six large conical 
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masses rising from three hundred to one thousand six 
hundred feet above the plain. The largest of these was 
Jorullo which continued burning and throwing up immense 
quantities of lava containing fragments of granite rock. 

The annexed diagram presents the outline of the elcya- 
ted plain ; a is the cone Jorullo, and h the plaii^ iloping 
from the base of the cones at an angle of 6^. 

Fig. 24. 




Jorollo. 

58. Kilauea, in Hawaii, Sandwich Islands, is an ever 
active, and most remarkable volcano. It is situated, not on 
the summit, but on the south-eastern flank of Mount Loay 
at an elevation of three thousand nine hundred and seventy 
feet above the sea, while the simimit is nine thousand seven 
hundred and ninety feet higher. Instead of slender walls 
around a deep crater, liable in most conical craters to bo 
demolished by the explosions of an eruption, the summit of 
this volcano is nearly a plain, and its crater a deep abrupt 
pit, seven and a half miles in circuit, of an oval figure, em- 
bracing about four square miles. At a depth of six hundred 
and fifty feet below the brim of this pit, a narrow plain of 
hardened lava, called the " black ledge," projects like a vast 
terrace or gallery around the whole interior ; and within 
this gallery, below another similar precipice of three hun- 
dred and forty feet, lies the bottom, a vast plain of volcanic 
rock, more than two miles in length. In this plain are 
pools of boiling lava, which vary at different times in num- 
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ber and extent, one of whicli, in November, 1840, wa« 
fifteen hundred feet long bj one tbonsand broad. The Lita 
boils in these pools irith varioua dcgreen of energy, some* 
times flowing over, cooling, and thus raising & rim, or pass- 
ing in glowing streams to distant partfl of the crater. At 
times, the activit; of the ebnllition is such aa to throw np 
jete of the lava thirty or forty feet high. The overflowing 
of the pools raises cones, sometimes one hundred feet high, 
with central cavities, from which vapors issue. 

The adjoining figure represents a singular spire of lava, 
resembling a petrified fountain. From Bmnll vents, the 
liquid lava, thrown tip in jets, falls over, raising a conical 

Fig. 25. 
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base. The column is built up by the successiYe drops of 
lava which fall upon each other, as .they are tossed up. 
These spires vary in height from a few inches to forty feet« 
and are miniature craters of eruption.'*' 

59. Four eruptions of Ealauea have occurred since 
A. D. 1789. That of 1840 was most extraordinary. For 
several years previous, the lava had been rising in the 
crater, until it stood about fifty feet above, the "black 
ledge.'' The immense pressure of the lava and gases 
opened fissures in the sides of the crater, and the molten 
flood flowing in a subterranean channel six miles, emerged 
in an ancient wooded crater^ rising in it to the height of 
three hundred feet; from this again, passing sometimes 
under ground for miles, and then upon the surface, filling 
the valleys, melting the hills, and consuming the forests 
along its path, it poured itself for three weeks with loud 
detonations into the sea. The length of the stream from 
Kilauca to the ocean was about forty miles : it accom- 
plished the passage in three days. The breadth of the 
stream varied from one to four miles, and its depth from 
ten to two hundred feet. The coast was extended by it a 
quarter of a mile into the ocean. The whole area covered 
by it is estimated at fifteen square miles, and the amount 
of lava at six thousand millions of cubic feet. The waters 
of the ocean were so heated that the shores were covered 
for twenty miles with dead fish. Night was converted into 
day, its glare being visible more than one hundred miles at 
sea, and at the distance of forty miles fine print could be 
read at midnight. The lava in Kilauea fell four hundred 



* Prof. Dana, in the "Geology of the United States Exploring 
Expedition." 
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feet; showing that the eruption was a disgorgement of the 
lava of that crater. The Sandwich Isknds present re- 
markable regions of volcanic action, in which several crateii 
occur within a few miles. 

Fig. 26. 




Diamond Hill and adjaoent Volcanic Cones in Oahu, Sandwich Islands. 

CO. The phenomena of submarine volcanoes are influ- 
enced by the pressure of the water of the ocean, which 
may at certain depths entirely suppress any exhibition of 
volcanic agency exerted at the bottom. History abounds 
with authentic instances of the rise of islands. The Gre- 
cian Archipelago is studded with them,, and the origin of 
many of the Aleutian islands is within recorded observa- 
tion. The structure of others (some of them large, as 
Hawaii, which covers four thousand square miles, and 
whose summit is nearly fourteen thousand feet above the 
ocean,) reveals their history. TenerifFe, St. Helena, and 
the Azores have the same origin. In the year 1811, an 
island (Sabrina) arose out of the ocean, near the Azores, 
to the height of three hundred feet, with a circumference 
of one mile, and after remaining six months, disap- 
peared. 

A remarkable volcanic island appeared in the Mediter- 
ranean sea, in the month of July, A. D. 1831, which re- 
mained visible above the water about three months. A 
fortnight previously, shocks were experienced on board a 
sliip passing (lie spot, which produced an impression like 
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the sti-ikiDg of the ship on a Band bar. On the teuth of 
July a column of wafer, lito a water apout, waa seen risiug 
out of the sea, and Boon after a dense maae of ateam ns- 
ecuded to the height of one thousand eight huudred feet. 
On the eighteenth of July, a email island hud appeared, 
with a crater in its center, ejecting volcanic matter. It 
had, on the fourth of August, attained an elevation of two 
hundred feet, and a circumference of three miles. After 
this, it diminished by subsidence and the action of the 
waves, so that at the end of October, no'yestige of the 
crater remained. In A. D. 1S33, a submerged reef, about 
three-fifths of a mile in extent, existed in ita stead. 

Fig. 27. 



GrrAaiQ'fi Iiloiblt u It appmvd \a AngosC, A. D. 1S31. 

61. The term lava is applied to any mineral sub- 
stance which has flowed from a volcano in a melted state. 
Lavas coasist essentially of two minerals, feldspar and 
augite. When the feldspar predominates, the lava is 
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called fddspathic; it Ib light colored^ and has specifio 
gravity not exceeding 2.8. Trachyte is such a lava. 
When the augite prevails^ the lava is dark colored^ has 
specific gravity exceeding 2.8, and is called augitio — 
basaltic. Lava cooled under great pressure is dense, like 
the older rocks ; when cooled under pressure of the atmos- 
phere only, it is porous, distended by gases. Eeldspathio 
lava, flowing into water, is converted into pumice, which is 
so light as to float on the surface of the water. When 
silex enters largely into the composition of lava, it pro- 
duces volcanic glass — obsidian, which resembles ordinary 
glass, and is of a smoky hue. A portion of the lava of 
Ealauea is vitreous, and is sometimes blown by the wind 
into minute threads, called by the natives " Pele's hair." 
The lava of this volcano is more fluid than that of most 
volcanoes. Lava is a very poor conductor of heat, and 
consequently the interior portions of a lava stream retain 
their heat a gi-eat length of time. Lava ejected from 
Etna in 1819 was sufficiently hot and fluid to move a yard 
a day nine months after eruption. In another instance, 
lava was in motion ten years after it was ejected. The 
lava of Kilauea, erupted in June, 1840, was so hot in 
November that pieces of paper introduced into fissures in 
it were immediately inflamed. Lava flows within a crust 
which is rapidly formed over its surface. On piercing this 
crust, the fluid within flows out, and its course may in this 
way sometimes be controlled. In the summer of A. D. 1828, a 
mass of ice was discovered on Etna, beneath a bed of vol- 
canic ashes and lava, whose non-conducting property had 
preserved it for centuries from melting. 

63. Earthquakes are movements, more or less violent, 
of the superficial crust of the earth, consisting usually of 



\ 
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rapidly succeeding undulations^ oftentimes accompanied by 
sounds, and ttaceablc in particular directions. Three dis* 
tinct kinds of motion are recognised. Ist^ The perpendicu^ 
lar, which acts from below upward, like the explosion of a 
mine. This was witnessed in the destruction of Riobamba, 
in A. D. 1797, when many of the bodies of the inhabit- 
ants were thrown upon a hill several hundred feet high. 
2nd, The Ttortzonial, which takes place in successive undu- 
lations, proceeding in a uniform direction. 3rd, The rota^ 
iory or vorticoscy which seems to be due to interferences of 
undulations, causing a whirling movement of the Earth, by 
which buildings are twisted round, and parallel rows of 
trees are displaced without being prostrated. The first 
movement is the most common and hannless, while the 
third occurs only in the most disastrous earthquakes. A 
hollow sound, like a mine-explosion, often accompanies an 
earthquake, which is sometimes heard as distinctly at a 
great distance from the scene as in its immediate neighbor- 
hood. The jprogression of earthquakes is most commonly 
in a linear direction, with a velocity of twenty or thirty 
miles in a minute ; but sometimes the concussion proceeds 
from the center of a circle or ellipse, decreasing in force 
toward the circumference. Their duration is very brief; 
thousands of lives are sacrificed, and cities and provinces 
are reduced to ruins in a few seconds. No country is 
entirely exempt from their visitations, but particular re- 
gions are subject to severe, continuous, and extensive con- 
cussions, as Central and South-eastern Asia, South America, 
and Mexico. Slight shocks are so frequent that there is 
reason to presume that the surface is continually agitated 
by concussions on some of its points. There are accounts 
of no less than three thousand four hundred and thirty-two 
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distinct earthquakes which have occurred in Europe since 
the commencement of the fourth century of the Christian 
era. 

63. The most remarkable earthquake on record is that 
which destroyed the city of Lisbon, in A. D. 1755. It 
commenced with a sudden subterranean sound : this was 
immediately followed by violent shocks, which demolished 
the greater portion of the buildings, destroying the lives 
of sixty thousand persons. A large quay, to which hun- 
dreds of people had resorted for safety from the falling 
buildings, was instantaneously engulfed in an unfathomable 
chasm, from which nothing ever rose to the surface. 
Yessels were thrown violently aground; the bed of the 
river was raised to the surface, and immediately afterward 
the ocean came rolling in, fifty feet higher than usual. 
The walls of some houses were seen to open from top to 
bottom more than a quarter of a yard, and close again so 
accurately as to leave but slight trace of the injury. The 
movement of this earthquake was undulatory, progressing 
about twenty miles a minute, agitating a sui-face four times 
as large as Europe and nearly one-twelfth of the whole 
superficies of the globe. The water in the lakes of Scot- 
land rose and fell three feet. The earthquake was per- 
ceived at Fahlun m Sweden, Barbadoes, and on Lake 
Ontario. The sea rose on the West India islands, and a 
ship one hundred miles west of St. Vincent suffered so 
severe a shock that the seamen were thrown upon the deck. 
64. The great earthquake of Calabria, Southern Italy, 
in A. D. 1783, was distinguished by the concentration of 
its violence, heaving the surface like the waves of the sea. 
Badiating from the town of Oppido as a center, its violence 
was manifested over an area of five hundred square miles. 
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About two hundred towns and villagei were destrojcd, and 
nearly one hundred thousand people perished. The move- 
ment was rotary, ob shown hy the twisting of the stones of 
Fi". 28. tl"" obelisks of St. BranOj which woro 

turned from six to nine inches from 
their former position. A chasm, a 
mile long, one hundred and five feet 
broad, and thirty fcct^eep, was form- 
ed; ond another, three-fourths of a 
mile long, one hundred and fifty feet 
broad, and ono hundred feet deep, 
with numerous elevations and de- 
pressions : and many disputes arose 
respecting the ownership of lauds 
which had shifted podtioo. In tho 
' year 1819, a large tract of land at 
ouiw. of at. Bruno, ti^^ ^^^^^jj ^f ^j^^ j^j^j^^ ^5^]^ tillages, 

was submerged, and another tract, called the TJllab Bund, 
fifty miles long ond sixteen broad, was elevated ten feet. 

65. Violent and extensive earthquakes occur in the vicin- 
ity of tho Andes, in South America. A terrible convulsion 
was esporienced in 1822 on tho coast of Chili, hy which 
an area of one hundred thousa^-d square miles was perma- 
nently elevated three feet. In I8I2, LaGuayra and Caraccas, 
in South America, were destroyed by an earthquake of great 
violence. In December of the previous year, a series of 
convulsions commcnecd along the valley of the Mississippi, 
from New Madrid to tho mouths of the Ohio and St. Fran- 
cis rivers. Tho earth rose in great undulations. Lakes, 
twenty miles in extent, were suddenly formed, and others 
were drained. Extensive chasms opened in a direction 
North-east and South-west, nnd new islands were Piriuod in 
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tho river. These agitations of the Mississippi valley 
ceased, when the South American cities were destroyed. 
This coincidence; together with the direction of the 
chasms, indicates a subterranean communication between 
the localities, which are more than two thousand miles 
apart. The violent earthquake of Ouadaloupe, which oc- 
curred in A. D. 1842, extended in a direction North-west 
to South-east, from Charleston, South Carolina, to the 
mouth of the Amazon river, destroying several towns in 
the West Indui islands. 

66. Hot-vprings are common in the immediate vicinity 
of volcanoes. They arc found upon the slopes of Etna 
and Vesuvius, but in great numbers, and with more im- 
posing features in that remarkable field of igneous agency, 
Iceland, where they are called Geysers — ^raging fountains. 
Within a circuit of two miles more than one hundred oi 
them may be found. They are situated in sight of Mount 
Hecla, in a plain at the foot of a hill of gray trachyte (an- 
cient lava.) The crater of the great Geyser is a flattened 
cone of silicious matter; the basin within is of an oval 
figure fifty-six feet by forty-six, terminating at the bottom 
in a perpendicular pipe, seventy-eight feet deep. Usually 
the basin is filled with clear water of the temperature of 
180°. 

At times a subterranean sound, resembling that made 
by a volcano during an eruption, is heard, and then a 
slight tremulous motion is perceived on the rim of the 
fountain; the surface of the water in the basin becomes 
convex, and large bubbles of steam rise and burst, throw- 
ing up the boiling water several feet high : a heavier 
noise is heard below, and suddenly there shoots up a 
column of water to the height of one hundred feet^ dis- 
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pcreing tit the summit Jato doizling white fo&m. After ft 
brief period, a coliunn of steam issnes, vitt a load, roftring 
noiee ; this Js followed by nnotber column of water higher 
thau the preceding ones, mingled with stones, accompanied 
by loud detonations. The phenomenon lasta a few min- 
utes, and then the basin resumes its tranquil state. Thew 
-waters enoruat the surrounding soil, and all substanoet 
upon which they fall, with nilica. 
Fig. 29. 



Bods of the giwt Oen* "I IreSand 

Boiling springs ore found also in the Azores, Java, onl 
the volcanic regions of Central and Sonth America. 

Thermal springs are not confined to the vicinity of 
active TolcKuoes, bat are found in the Alps, and Pyreneei, 
in Vii^nia, Arkansas, and Oregon, In all cases, however, 
they are situated near mountains or rocks which have been 
•ubjectod to igneous agency. The temperature of the 
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water TEiricB in different aprings; tliat of the seventy 
Spnnga in Arkiinaas ranges &om 118° to 148°. Thermal 
waters are charged with salts and gases ; hence they are 
mineral waters, as those of Bath in England, WicsLaden 
in G«nnany, Saratoga, and the Sulphur Springs of Virginia. 
C7. Another apparent manifestation of igneous agey- 
cy itt the gradual elevation or mhsidence of portions of the 
earth's surface. An interesting example of tliia is presented 
by the remains of the temple of Jupiter Serapis, at Puz- 
luoli, on the shore of the Bay of Baise, neat Naples. The 
*''S- S**' building was originally of a 

quadrangular foi-m, tnenty 
feet in diameter, the roof be- 
ing supported by twenty-four 
granite columns, and twenty- 
two of marble ; three of them 
are still standing. The tallest 
of them is forty-two feet in 
height; the snrfEiee is smooth 
[ uninjured to an elevation 
of twelve feet, where com- 
(t SuMpii. mences a band of perforations 

made by the Lithodomns (Itikot, stone, and domoe, a house,) 
a shell-fish inhabiting the Mediterranean sea. Those per- 
forations, many of which still contain shells, cover a space 
of nine feet, and are so numerous and deep as to prove that 
the pillars were for a long time immersed in sea water ; the 
lower portions were protected by rubbish and pnuolaua — 
volcanic tufa ; the upper portions projected above the water, 
beyond the reach of the litbodomi. The platform of the 
temple is now one foot below high-water mark, and the sea 
is one hundred and twenty feet distant. These uolunina 



IGNEOUS AGENCIES. 61 

have been depressed and again elevated more than twenty 
feet, the relative level of the land and sea having changed 
at least twice since the Christian era, so gently that 
these columns have not been prostrated. Professor Bab- 
bage attributes their tranquil depression and elevation to 
the contraction and expansion of the rocks on which 
they stand, in consequence of variations of temperature. 
A small volcano — solfatara-^and a hot spring exist in 
their vicinity. The columns are again gradually sub- 
siding. 

68. The gradual change of relative level of sea and 
land, on an extensive scale, in regions remote from active 
volcanoes and violent earthquakes, is exemplified on the 
coasts of the Baltic sea and Northern ocean. Beds of ma- 
rine shells and sunken rocks have been raised above the 
water-line, and the shells of species now living on the 
shore are found fifty miles inland and at an elevation, as 
ascertn'ned by Bravais' measurements, of six hundred feet 
above the ocean. The northern portion of the coast rises 
most rapidly ; the average elevation is stated to be four 
feet in a century. Raised beaches found in England at a 
height of from twenty to two hundred feet above the 
existing sea-level, with shells and all the features of the 
beaches of the present sea-coast, show the same process on 
that island. Mr. Darwin has also shown that the southern 
part of South America, at least twelve hundred miles on 
the east coast, from Bio de la Plata to the straits of Ma- 
gellan, and a greater distance on the west coast, has been 
raised from one to four hundred feet. The north-eastern 
coast of the United States is supposed to be in the same 
process of gradual elevation. On the other hand, a large 
portion of the coast of Greenland has been for four centu- 

6 
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ries graauallj sinking. Ancient buildings on low islands 
and near the coasts, have been submerged. The depression 
of extensive areas in the Pacific and Indian oceans is 
proved by the existence of banks of dead coral several 
hundred feet deeper than the limit at which the animal 
can have lived. On the coasts of Europe and America 
are found Euhmarine /orestSy consisting of trees and 
stumpS; together with peat, in the position in which they 
originally grew, depressed several feet below the level of 
the sea, 

ORGANIC AGENCIES. 

69. Although organic agencies are less influential in 
modifying the crust of the globe, than aqueous and igneous 
agencies, still vegetable and animal bodies not unfrequently 
make up a large portion of important and extensive rock 
formations ; and are regarded by the geologist with special 
interest because they famish the clearest indications of the 

/ physical conditions of the globe at the time and place in 

which they lived. 

70. Marine plantSj which oftentimes cover the surface 
of the ocean so thickly that ships are impeded in their pro- 
gress by them, are very perishable, and contribute little to 
the formation of rocks. But the remains of terrestrial 
plants enter into the composition of soils, and form exten- 
sive deposits in the great swamps. Peat consists principally 
of the fibrous roots of mosses, especially of the Sphagnum, 
which continually throw up new shoots from the decaying 
extremities below. When dry it. consists of from sixty to 
ninety-nine per cent, of carbonaceous matter, forming a valu- 
able fuel. Peat beds, of from four to twenty feet thickness, 
are common in Iroland and Scotland. The ^^moss'' on tho 
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river Shannon extends over one hundred and fifty square 
miles } and one-tenth of the whole island^ it is estimated^ is 
covered with peat, called hj the Irish, turf. It is constantly 
accumulating, with a rate of increase affected by the 
amount of moisture and other circumstances; in Europe 
its increase is estimated at seven feet in thirty years. It 
is confined to the colder regions of the earth, since the 
heat of the torrid zone causes very rapid decomposition of 
organic matter. The process by which it is converted into 
coal has been, in some instances^ observed. In some peat 
bogs large trees have been found erect ; its antiseptic power 
over vegetable and animal substances is remarkable, 
preser\'ing them from decay (even for centuries. Peat 
swamps sometimes burst their barriers and deluge the sur- 
rounding country with black mud. 

71. The floods of large rivers carry down immense 
quantities of timber, which meeting obstructions accumulate 
in ra/tSj or pass on to the delta, or the ocean. On the Mis- 
sissippi and Bed rivers, rafts have been formed several mUes 
long, bearing soil and growing trees. The delta of the 
Mississippi contains many layers of wood undergoing the 
slow process of conversion into coal ; but much of the drift- 
wood passes out to sea, and is conveyed by marine cuirents 
to far distant coasts, or becoming water-logged, sinks to the 
bottom of the ocean. The Icelander is supplied with wood 
for fuel and building boats, by the ocean, which brings the 
drift-wood of the Mississippi and the rivers of Central 
America to the coasts of his island. The vegetable growth 
of arctic climates is stunted and slow, while that of tho 
tropics is gigantic and rapid. 

72. The most efficient organic agency in modifying tho 
crust. of the earth, is exerted by the most minute and insig- 
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nificant members of the Animal Kingdom — ^the coral Zoo^ 
phytes and animalcules. 

73. The animals which produce coral are very simple, 
resembling plants both in their figures and colors. Until 
the last century they were described as marine plants and 
flowers. They differ from plants in having distinct mouths 
and cavities to receive and digest food, and sensibility to 
pleasure and pain. They have no system of vessels for cir- 
culation, no glands, no distinction of sex, and no senses but 
those of touch and taste. Their texture is not that of jelly, 
but of flesh. They vary in size from a minute fraction 
of an inch, to eighteen inches in diameter. They live 
either solitary, or in masses of hundreds of thousands. 
Individuals are called po?5(ps; the whole animal structure, 
whether simple or compound, is termed a Zoophyte, Coral 
is not a collection of cells in which the polyps may 
conceal themselves, but an internal skeleton : nor do they 
exhibit any instinct or industry in forming it. It results 
from vital processes in their system, which they no more 
control, than do the more highly organized' animals the for- 
mation of their bones. The species are perpetuated by eggs 
and buds. The mode of budding is very similar to the 
budding of plants. A bud swells and bursts on the side or 
extremity of the parent, acquires tentacles and visceral 
cavity, and produces other buds and eggs. Polyps may also 
be multiplied by artificial section, each part having the 
power of reconstructing a complete animal. 

Every Zoophyte, however large or numerous the colony, 
commenced as a single polyp ; successive budding may have 
produced myriads of polyps, which eat and digest separately, 
but all aid in the growth of the common mass. An injury 
to one of them is felt by the surrounding oneS; but not al« 
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WBjB through the vhole mass. Some polyps may be turned 
infiide outward vith no apparent injur;, and the head of 
one polyp may be engrafted on the body of another. 
While the process of budding is advancing at the sarfuce, 
death is occurring in the central and lower ports of the 
coral, which, when dead, serve only to support the external 
living port 

74. Numerous genera and species of these Zoophytes, 
have been described by Naturolista. A few of them will 
serve as illustrations of their general appearance. 

Fig. 31, presents three branches Fig. SI. 

of the Caryophyllia, the polyps of " " 

which are of a bright green color, 
imd reside in the radiating cham- 
bers. 

Fig. 32. 



CuTOfib^llIa. 

The Meandrina, or brain- 
st«no coral, so called from its 
resemblance to the convulutions 
of the brwn of animals, as seen 
in Figure 82, is of a brown color, j^ 33 

and attains the size of several feel 
in circumference. In Figure 83, 

the same coral appeom divested of | 

its fleshy covering, and exhibits the I 

cells within which the polyps par- 
tially conceal themselves. 

The Astrea is a very common 
and widely diffused species. It H(udjtuir)iiiantpcaT;& 
6* 
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P^ 84. derives ita name from its 

radiated or stor-liko appear- 
ance. The polyp is repre- 
1 Figure 34, with 
- its tentacles extended. It 
I these tentacuia, oT 
, which are arranged 
about its head, with great 
i.8t«Co»i. a.Thepoin,mMiiift.d. rapidity in taking its food. 
When the animal is removed, the ^- ^^ 

stellate appearance of the coral is 
more manifest, as seen in Figure 35. 
A still more common genus, seen 
in cabinets, and as mantel ornaments, 
is the Madrepore, Figure 36. It is 
branched and studded throughout 
with distinct cells. 

The FIuBtra, Figure 37, is adcli- A«tr«wia«mti»in» 
Fig. 89. cate coral, often attached to sea 

weeds and shells thrown upon thu 
shore. With a microscope, its po- 
lyps, if examined in the water, may 
be seen espunded, and retracted in 
their cells. 

75. Most corals are white, even 

when the animals secreting them 

are highly colored. But the Co- 

rallinm Rubmm — red or preuious 

M***!"!* coral — ^is of a brilliant red color, 

while the investing animal is blue. It is obtained from the 

Mediterranean and Bed seas, and is extensively used for 

ornaments. This species is shown in Fig. 38. 
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Fig. 87. 




Yta Ilnitn. 1. Iti talli. 2. TIw npaDdwl pelTp. 1. Tba polrp in Iti idL 

An interesting variety of coral is the Tabipora, or 
organ-pipe corol, (Fig. 39,) oomposed of parallel tubes, 
with transverse Fig. 88. 

plutea judicating 

ratjoDS. It is 
found growing 
in the Indian 

ocean several feet ^^ Cor«L 

in ciroumferenoe, and its rich carmine red presents a bril- 
liant ground-work for its polyp of emerald green color. 
F'g> 33- Ehrenberg speaks in enthu- 

. siasljc t«rms of the exqni- 
^ site beauty of forma, and 
^ gorgeous colorings of the 
P corals of the Eed sen. 
" What paradise of flowers," 

OiXM-Iilpt Con!. 1. ,, .... 

says tie " can rival m beau- 
ty these living wonders of the ocean." 

76. It is in the exfenwve coraUreefi, that the Zoophytes 
evince the power of organic agency in modifying the sur- 
face of the enrth. The great reef along the line of the 
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northern coast of New Holland is more than one thousand 
miles long : a link of three hundred and fifty miles of it is 
continuous, with no passage or opening through it. Dis- 
appointment Islands and Duff's Group are connected by 
coral reefs so continuous that the natives travel over them 
from one island to another. Keefs occur in the Pacific 
ocean from one thousand one hundred to one thousand two 
hundred miles long, and from three hundred to four hundred 
miles broad, and of a thickness from thirty to sixty feet, 
constituting an enormous mass of calcareous matter. These 
Zoophytes live only in warm seas and near the surface ; no 
indications of them are obtained from deep sea-soundings. 
Their growth is slow, but incessant, their numbers incal- 
culable : they are usually attached to the shores of rocky 
islands, or to the crests of submarine ridges, rarely at a 
depth exceeding sixty feet, 

\-'77. Coral reefs are classified as Fringing , Barrier^ 
and Circular reefs : the latter are called, by the natives 
of the Pacific islands, atolls. 

Fringing reefs are belts of coral attached to the coasts 
of islands or continents. When the coast is precipitous, 
the belt is narrow; but when it is gently sloping, it is 
covered with coral until it reaches the depth of about sixty 
feet, where the animals cease to exist. 

78. Barrier reefs are parallel to the coast, and sepa- 
rated from it by a deep channel. Figure 40 presents the 
barrier reef of Bolabola, in the Pacific ocean, encircling 
the island, but separated from it. The reef is in this in- 
stance covered with trees. These reefs vary from three to 
forty miles in diameter. On the ocean side they termi- 
nate abruptly in deep water; but within, the slope is 
gradual. On the outside, the hardier species of Zoophytes 
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moiDtain a sturdy growth, resisting a heavy ocean sntf, 
wMle the fi-niiex vurieties flourish in the placid waters 
within. 

tig.iO. 



BonkT IteeT of Bolibill. 

79. The circithr reefs, or atolls, are the most ci 

forms of coral islands. The diameter of the circles vary 

from one mile to forty miles, and their hreadth from a few 

yards to more than a mile. They are not always circular; 

Fig. 41. 



Tlie Conl Til*. — Wl)itniDda7. 

one is thirty miles long by six broad. They enclose ft 
space of qiiiet waters, called a logoon, wliich coiamuuicatcs 
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with the ocean by one or more openings through the reef. 
The origin of these circnlzu: isles has been the subject of 
much discussion. They have been supposed to proceed 
from the growth of the coral upon the circular rims 
of volcanic craters beneath the surface of the ocean; 
and some of their phenomena favor such a view. But 
the subsidence of the islands, about whicL the corals 
accumulate as fringing reefs, furnishes a more satis- 
factory explanation of their origin. Figure 42 presents a 
section of the island and reef o£ Bolabola. When the 
level of the sea was at the lower line, a fringing reef at- 
tached itself to the island at A B and B A. As the island 
sunk in the ocean, the reef grew upward, and formed the 
barrier reef a' a', the upper line now constituting the 
ocean level. It is now a vertical section of the reef, island^ 

Fig. 42. 




Sectton of a Coral Island. 



and intervening water of Figure 40. When the island has 
disappeared beneath the ocean level, we have the circular 
reef or atoll, enclosing a lagoon as in Whitsunday, Fig. 41. 
80. But the moyement of the islands is not exclusively 
that of subsidence ; many of them have emerged from the 
ocean, and are still rising. The evidence of this is found 
in ancient reefs occurring inland and at great elevations 
above the sea. Upon the summit of the highest mountain 
in Tahiti, an island composed almost entirely of volcanic 
rocks; there is a reef of ancient coral attached to the rocks. 
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This could have grown only in the ocean, and has since 
been raised to its present position. In the Isle of France 
also occurs a bed of coral; at a distance from the ocean. A 
portion of it is enclosed by two streams of lava, in which 
the characteristic effects of heat are exhibited in its partial 
crystalization-— conversion into compact limestone or marble. 

81. Coral reefs, having grown up to the surface of the 
sea, extend laterally, increasing their breadth. The con- 
stant action of the waves accumulates calcareous sand, 
shells, sea weeds and drift, upon sheltered portions of the 
reef: in the soil thus formed, seeds, conveyed by the 
ocean or by birds from islands or the continent, spring up, 
and the reef becomes a habitable island. 

The annexed figure presents a view of the peculiar fear 
tures of a Pacific island, with its fringing and barrier Tee& 

Fig. 43. 




A Pacific Ocean Islaad, trith coral ree&. 

One of the most siugular peculiarities of coral islands is 
the shore platform around them. It is a flat surface, often 
several hundred feet in width, but little above low tide level. 
Upon this lie huge masses of reef rock, worn into fantastic 
shapes. The platform is the result of the abrading action 
of the sea, and is not strictly confined to coral rocks, but 
occurs in sandstone shores similarly exposed, as exemplified 
in Figure 44.* 



♦^Dana's Geology of the United States Exploring Expaditicn. 



CHAPTER 11. 



THE STRUCTURE AND POSITION OF ROCKa 

94. The term rock in Gkology indicates any aggregatioa 
of minerals; hard or soft^ compact or loose. The desert of 
Sahara is a sand rock \ so in like manner masses of clay and 
gravel are rocks. The structure and position of rocks de- 
pend upon their origin. The most obvious distinction of 
mineral masses is into stratified and unstrattfied rocks. 

Stratified rocks are such as oocnr in layers included be- 
tween nearly parallel planes ; varying in thickness, from a 
fraction of an inch to many feet. The whole mass of rock* 
is sometimes called a stratum^ and the parallel subdivisions 
of it are termed beds or layers ; the more minute subdi- 
visions arc laminae, which are generally parallel to the planes 
of stratification. The term bed is also applied to a mass 
which is wedge-shaped, or lenticular, as a bed of gypsum^ 
salt or coal. Such beds are said to be subordinate to the 
strata in which they occur. 

As strata originate from deposition in water, the strati- 
fied rocks are termed aqueous and sedimentary. When tho 
deposit is made upon a level surface and in quiet water, 
parallel horizontal laminse are formed ; but materials depo- 
sited upon a steep shore, produce oblique Limination. When 
the depositing waters are agitated by waveS; the lamina) are 
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vaTOil, and exhibit what are cEilled ripple marki, at exem- 
plified in Fig. 4S. 



Snch ripples maybe aeen in the sand and mad not only 
on the shores, but at tho bottom of rivers, lakes and the 
ocean. Laminte aometimes occur highlj cnrred, and twisted. 
They could not have been deposited in these shapes, bnt hava 
assumed them after deposition in consequence of the nne- 
qual pressure they hare sustained. 

,95. The stratified rocks consist of /ragmenti of crystal' 
line minerals, which are made to cohere by pressure, or by 
some cement; hence they arc called mechanical, to dis- 
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Pig. 49. 



tingnisli them from those which exhibit a crystalline struc- 
ture, due to cbeiaical ngency. But the aubordinate beds of 
rock-Bait, gypsum, &c., ore chemical precipitates from solu- 
tion, and some Btratified rocks bear the characters of hotli 
agencies. 

Fig. eo. 
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96. A concretionary stracture oflentimeB pervadea 
rocks. The forms of the concretions arc Tarioua — spheri- 
cal, ellipH'^idal, lenticular, &o. Sometimes, by compressing 
each other, they become indented and assnme various 
irregular shapca. Thej are frequently crystalline and con- 
centric, having a leaf, atick, fish, or other organic substance 
as a nucleus about wMch they have accumulated. Some 
of them have fissures within, dividing the mass into irregu- 
lar shapca, which aometimea resemble the markings of the 
turtle's shell; hence they are called turtle-fUmes. The 
name commonly applied to them is teptaria, (from tcptum, 
a partition.) The crevices are often filled with calcareous 
spar — crystallized limestone. From these is prepared an 
exuellent hydraulic cement. 

Kg. 51. 



ScpMriitD 



The adjoining cut eshibils the scptaria in the slaty 
hanks of the Huron river. JIany of them are worn out 
of the banks and precipitated into the river : fomo of them 
are sereral feet in diameter. Somo of the claystonea 
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found in England are bo regular in figure and bo smooth sa 

to have given rise to the supposition that they were tnraed 
in a lathcj and to hare been used for money. In this 
country, they are usually thought to he the work of wat^r 
or of the Abori^nca.* They are caused by moleoular 
attraction, and occur mostly in clay rocks. Similar concre- 
tions of iron ore occur in regularly ellipsoidal figures in 
the sandstones associated with the coal, and arc called Jcid- 
net/ iron ore. Concretions are sometimes arranged in layers 
in a portion of the rock, while other portions are entirely 
free from them. They Bometimes consist of alternating 
coats of calcareous spar and iron ore. 

97. A concentric ttracfure is of frequent occurrence in 
the shales and sandstones of New South Wales. Professor 
Dana gives a remarkable instance of it, illustrated by the 
acoompanying figure. On either aide of a vertical fissnre 

Fig. 52. 



ii a drcukr area of ten feet, in which the concentric coats 
of sandstone are from half an inch to two inches in thick- 



• Hitobcoot'fl Geology. 
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ness. This Btructore gradually loses the curraturo and dis- 
appears. Glohular concretions also occur here, resembling 
cannon balls dropped into mud, which are compact and 
hard^ haying some foreign bodies, as carbonized wood or 
pebbles; for their nuclei, though not always at the center 
of the concretions. In some places they are ten feet in 
diameter, covering the surfaci3 like artificial domes, and 
looking like a village of rounded huts.* 

98. With reference to their mineral ingredients most 
stratified rocks are included in the three following divisions 
— ^the sand fftoup, the da^/ groupy and the lime group. The 
members of these groups exhibit various degrees of fineness 
and compactness in their structure, and are designated are- 
naceous, argillaceousy and calcareous, as sand, clay, or lime 
is the characteristic ingredient. 

99. Stratification is the most general condition of the 
rocks constituting the crust of the earth, covering nine tenths 
of its surface. Stratified rocks always overlie each other in 
a constant order of succession. A stratum, which in any 
one situation underlies another, will never, in any other 
situation, be found above it. Certain strata maybe in some 
places deficient, but all those which occur together are in- 
variably in the same relative positions. Thus if six strata 
be designated by the^ letters A, b, o, d, e, f, in the order 
in which they succeed each other, and b, d, be deficient in 
any locality, the order of the others will always be A, C, E, 
F. In some instances the strata have been displaced so aa 
to bring them in an order of succession different from that 
in which they were deposited, as is shown in Fig. 63. where 



* Dana's "Geology of the United States* Exploring Expedition." 
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the strata have been ^K- ^• 

folded in sach away 
as to cause a repeti- 
tion of them in an 
inverse order. Here 
Htratum 6 was the 
lowest, and the oth- 
ers rested upon it in 

the ascending order FoMeuAiit 

5, 4, 3, 2, 1. The upper part of the curvature has been 
worn off, so that the strata appear at the surface a, a, in an 
unusoal order of superposition. Such an instance is called 
a loldcd axis. 

100. Strata are Fig. M. 

deposited horizon- 
tally in obedience 
to gravity and some 
of thava retain the . 
Iiorizontal putitian, I 
lint most strata arc S 
inclined to the ho- 1 
rizon, having been '• 
elevated to various i 

angles, by subterra- noti«»i.i st™tiL 

nean forces, since their deposition. In Fig. 55, we have 
four strata deposited horizontally. Figure 56 presents the 
same strata elevated by snbterranean forces, with the upper- 
most ones rent. 
Subsequently at^ 
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Hg. 68. 



portion of the bent Etrata, wliicli now appear inclmed to tliu 
borizon as in Fig. 57. Fig. 67. 

The dip of a rock i 
tbe angle vbich tbe 
pldtio of the stratum 
makes with the plane of the horizon ; and ia reckoned from 
Fig. 58. f>° to 90°- When tbe dip i» 

90° the strata are, of course, ver- 
tical. In the Isle of Wight is a 
k aeries of strata eleven hundred feet 
I thick JQ this position. The exam- 
I pie in Fig. 58 — strata in Wales, 
3 on which Powis Castle is built, is 
vtru.oi stTaU. given by Mr. Murchison, in bis 

" Silurian Sjstcm." Vertical strata occur on a much larger 
scale in (lie cliffs of Savoy. Strata of calcareous shale in the 
A If 3 f^tand vertical fur more than one thousand feet in depth 
and then curve round to their appropriate position. 

101. The dip of the strata is detcrinincd accurately by 
means of an inatruraent called a clinometer; but it may 
ordinarily be estimated with sufficient accuracy by the eye, 
Aa a general fact, the deepest strata are moat highly in- 
clined. The direction in which the edge of an upturned 
stratum appears at the surface is called the atriie or hair- 
ing. It a ridge runs North and South, the dip of tha 
beds is East and West, and their strike or bearing North 
8* 
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Fie.Gft. 



and Sonth. A pocket compass will enable the obserrer to 
determine the strilce. The line of dip is always at right 
angles to that of Btrilie. Horizontal strata have neither 
dip Qor bearing. If we place a book upon the table with 
the edges of the leaves downward, as in Figure 60, and 
Fig. 60^ remove one cover a short dis- 

tance from the leaves, this cover 
may represent a, dipping stratum, 
the dip becoming less and less as 
the cover is raised, until it be- 
comes horizontal — parallel with 
the table — when the dip ceases. 
The back of the book, a a, exemplifies the strike. The 
anticUnal line or axis is a line along the snmmit of a 
ridge or rooontaiu range, from which the strata dip in op- 
posite directions. If both covers of the book be thrown 
partially open, the anticlinal axis will be represented by a 
line along the bock of the book. The ^picUncU line or 
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axis ia the line in a. vallc; toward which the strata dip. 
To represent this, turn the book over, placing the back 
upon the table, open it partially and the line between the 
pages will present the sjnclin&l line. 
/— 102. The dip ia nsoallj easil; discerned, but as the 
edges of highly inclined strata may give rise to horisonlal 
lines on the face of a vertical ells', as seen by an observer 
in the line of their strike, their dip would not be apparent 
A break in the cliff, giving a section of the strata at right 
angles to their strike, would at once discover their dip. 
Thus the strata in the headland. Figure 61, would appear 
perfectly horiiontal to an observer in the boat directly in 
front, whOe a person on the shore facing a section at right 
angles to the strike of the strata, would at once perceive 
that they dip 40°. The ahmpt termination of strata in a 
Fig. ex. 
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headland is called an uearpment. When the strata dip in 
all directions from a point, as around a crater of a volcano, 
the line of strike is circular or elliptical, and the dip ia 
said ^ be qua^gua-eeritd. When the strata come out at 
the sur&ce they are said to mttcrop. 



02 CONFOBMABLE AND UMCONFOBMABLE STRATA. 

103. An assemblage of rocks formed nnder the same 
clrcumslanceSj consequently possessing some characteristics 
in common, is called a /omtalion. It often embraces dif- 
ferent Bubstancea; the Liaa fonnation includes the Lias 
limestones, shales and marls, as does the Coal formation 
the rocks associated with the coal. The time during which 
such a group was formed is called a geological period. 
When successive strata or groups of strata are parallel to 
each other, they are said to be conformable; when not 
parallel, they are ■uncort/ormable. In Figure 62, the strata 
abed are conformable, as are also e/ff h; but the two 
groups or formations are unconformable. This indicates 



that the group e/g h had been formed and elevated before 
the other group was deposited upon them. As the stratifi- 
cation of different formations is usually unconformable, it 
b inferred that there have been several different periods 
during which the varioos formations were deposited and 
elevated. The elevation of the strata has not always been 
perfectly equable ; hence fissures occur, on either side of 
which portions of the same stratum are found at different 



BTAUCTURE AND POSITION OF ROCKS. 93 

LeigLis^ as at/ in Figure 62. These interruptions of the 
strata are particularly troublesome to miners working beds 
of coal or ore^ and hence they have been called troubles, 
favltSy or dips. The fissures are usually filled with sand^ 
earth; and angular fragments of rocks. When the fissure 
extends to the surface and has considerable width, it is 
termed a gorge ; when it is still wider, it is called a valley. 

104. The thickness of strata is determined by measure- 
ments applied to their edges. If they are vertical, a 
measure applied horizontally to the edges gives their 
thickness ; but if they are inclined, it is ascertained by a 
simple trigonometrical process. Having measured the 
breadth of the upturned edge, and ascertained the dip, we 
have the hypothenuse and angles of a right-angled triangle, 
from which the perpendicular side — ^the thickness, is easily 
obtained. The total thickness of the strata is various in 
different places. Dr. Buckland estimates the thickness of 
European strata at ten miles. The stratified rocks usually 
contain remains of plants and animals, and are then called 
/ossili/erous. 

105. The unstratified rocks exhibit no arrangement in 
parallel layers, are of crystalline texture, and, having un- 
dergone the action of heat, are called igneous rocks. They 
occur in three different positions : beneath all the stratified 
rocks, granite being the deepest known rock; above tlie 
stratified rocks, constituting the summits of the loftiest 
mountains ; and thrust into the strata, as veins and dikes. 
Tlie unstratified rocks are found principally in mountains, 
and are not widely diffused at the surface, of which they 
constitute not more than one-tenth, but beneath the thin 
crust of strata are supposed to form the great mass of the 
globe. They cause extensive changes in the characters 
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and position of the strata with which thoy come in contact. 
The unatrntified rocks arc entirely devoid of the remains 
of nnimal and Tcgetahlo bodies. 

106. Veins are usually masses of igneous rocks injected 
from bolow into fissures in both stratified and unstrattScd 
rooks; sab-dividing as they advance, and becoming mero 
Fie- 03. 



threads, they disappear. They arc frequently chemically 
united to the sides of the fissures, but sometimes do not 
adhere to them. Their contents are sometimes influencod 
by the characters of the rocks through which they pass. 
Dxlcci are large veins of trap-rock, porphyry or lava, ex- 
tending in some instances seventy miles, with a thickness 
of several yards. Dikes are nearly straight, while vcitu 
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are very tortuous. Ab dikes are Tery compact and harJ, 
the strata through nhich they pass are often worn away, , 
and they are left ataadiag out like walls. Dikes and veins 
frequently intersect^ in which case that which cuts through 
the other must be the last erupted, and hence several buo- 
cessive periods of eruption are proved in the granite, trap 
and otLer igneous rocks- Some veins are found entirelj in- 

Fig. 64 



eluded in tiie rock, and are not traceable to any mass of 
similar composition but appear to have separated from the 
rock in which they He. These are called veins of tegrega^ 
lion. Veins and dikes cross the strata at various angles, and 
are sometimes intruded between the strata, and spread out so 
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ns to resemble truo beds ; but they have no lamination. 

The cestcata of veins are exceedingly varied ; indeed it is 
presumed that L.ey contain all elementary substances known 
to chemists. They are divided into two classes — the metal- 
liferolu and ■aon-metalUfertms. The contents of dikes are 
much more limited in kind and oniform in character. 

107. A concretionary structure on a. large scale is oc- 
casionally seen iu igneous rocks, but a. more interesting 
structure eshibifed by them is that which produces regular 
columns, varying in size from an inch in diameter to seve- 
ral feet; in length, firom one to three hundred feet; and 

p. gj in numbdr of sides, 

from three to twelve. 
They are bo accurately 
adjusted to each other 
that no space intervenes 
between them, and fre- 
quently consist of joints 
with alternate eonves 
and concave surfaces: 
"■ theyare usually straight, 
hut sometimes highly 

JolBW Columns ^^^^^_ 

108. Mr. Lyell distinguishes the igneous rocks into 
two elasaoa — the volcanic, and the plutonic. The volcanic 
arc those which have been produced at or near the surface 
of the earth, as are the lavas of volcanoes of the present 
period; but similar rocks have been poured out upon the 
land or the bed of the ocean, and have been injected into 
iissurcs near the surface, at many different epochs. The 
plutonie rocks appear to have been formed under enormous 
pressure at great depths in the earth. They differ from 
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the volcanic in being more highly crystellinai and free 
from the pores, or cellular caviHea which chazaoteriie ths 
Tolcanio. The granites and porphyries belong to tihia 
elass. 

109. There is another class of rocksy which partake of 
the characters of both aqueous and igneous rooks. These 
lie upon the plutonic rocks, are highly crystalline in stroo- 
tore, are destitate of organic remains, and yet are divided 
into beds precisely like the sedimentary formations in form 
and arrangement. These strata appear to have been de- 
posited in water in the usual way, and then to have been 
subjected to such a degree of subterranean heat as to 
assume a new texture. In some instances a portion of a 
stratum has exchanged its earthy for a crystalline texture 
through a distance of a quarter of a mile from its contact 
with granite, and has had all traces of its organic remains 
obliterated, while the remainder of the stratum retains all 
the characteristics of its sedimentary origin. Thus dark 
colored limestones filled with shells and corals have been 
converted into white statuary marble, and clays into sIateS| 
or schists. These altered rocks are called meUMMirj^liic. 

110. All rocks, whether stratified or not, are divided 
into masses of determinate figures, by natural fissures tra- 
versing them in straight lines, and forming planes of vari- 
able width. These fissures are called joiwU, Th^ir fiboes 
are usually smoother and more regular than the planes of 
stratification, to which they are vertical, thus dividing the 
rock into cubical or prismatic blocks. Some joints are 
more open, regular and continuous than others, passing 
through several alternations of strata, dividing them from 
top to bottom, sometimes completely arresting the crosa 
joints. These are called maUer-joinU. The constancy of 

9 
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dirtetion of these fiaanres is snoli aa to rndkato a general 
mnH loog-wntiDned agency perradiug the whole strata. La 
Gieat Britain, two-thirda of llian run north north-weat to 
sonth south-east, and tlie remaining third at right angles to 
that diieetion, independently c^ the dip or strike of the 
Bfaata. Theii wi(^ is attributed to oontraotioB during the 
ocuBOlidation of the strata; to expulsion and oMttractioii 
b; alternatdms of Fig. fi6. 

tempentnre ; and 
to eleetricitj. In 
some aandstoucB 
and beds of iron- 
Btone, there are 



regular firaotorea 
or seams dividing 
the HUr&ee into 
stnall polygonal 
areas with a con- 
eentric atruetnre, 
as exhibited in Figure 66. 

111. Some alate rooks are capable of indefinite subdiTi- 
non in a direction not coinciding with the planes of slratifi- 
ca&fD, nor ^th joints. This ia termed cleatiage. The direo- 
tim of the deavage planes appears to be, generally, parallel 
to the anticlinal line of tiie r^on in which the rocka occur, 
and is altogether independent of the dip of the strata. The 
sfaata on the two mdea of a monntun chidn may dip iu 
opposite directions, while the clearsge planes are vertkal 
between them, and parallel to the anticlinal axis, as is the 
case in the Alps. The phenomena of cleavage in rocks are 
■scribed to ctystalliialion, or a re-arrangement of the pu- 
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tides of the strata, by which similar materials afe coUeeted 
in planes. 

-^ CLASSIFICATION OP ROCKS. 

112. While little differaioe of opinion exists among 
gieologists with reference to the general arrangement of the 
fockS| several systems of classification have been proposed 
by them. These systems differ in the grouping of partictt- 
lar stmta and formations. Their diversity is a source of 
distraetibn to the student of geology, on account of the 
multipUcity and discordance of the terms, which they intro- 
duce. All geologists agree in the division of rocks into-^ 
stratified and unstratified^-fossiliferous and non-fossilifer- 
ous — end in the invariable order of succession of the strat- 
ified fbesiliferous ; but it is not practicable at present to 
determine, in geological formaHons, the relative places of 
classes, orders, genera and species, with that accuracy 
which eharaeterises some other branches of natural science. 

113. The fdndamesital idea involved in systems of 
oiase^ctttion is the relative agt of rocks, and formations. 
This, in the case of stratified rocks, is determined by the 
posUSoii of the strata ] by the characters of the animal and 
vejfMahte bodies they* contain ; and by their mirherid con- 
stituents. 

114. The order of superposition of strata is manifestly 
mdieativB of their relative age, since the lowest stratum, 
upon which the others lie, must have been first deposited, 
and liie others in order upward. But a difficulty attends 
the investigation of this order -of succession, on account of 
the absence of some of the strata at any one place of obser- 
vation. There is no place on the globe, where, if a section 
were made through the rocks, all the strata would be foun 
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iRKSUue the strata are not oontinaous round the earth, like 
the coats of an onion. Those parts of the globe that oon- 
stitnted the dry land while any deposit was forming in the 
seaS; would receive no portion of the deposit, and as irrega- 
larities of distribution of land and water haye always ex- 
isted, parts of the siurfaoe qiust have suocessivelj oonsti- 
tnted continents and islands. This difficulty in observation 
is obviated by the meeting and overlapping of the various 
formations. Thus, if six formalions be represented by the 
first letters of the alphabet et, h, c, d,ef/,ia their order, 
and at one place the formations h and e be missing, obser- 
vation at another place may give the formations a, b, c, dy/, 
thus supplying the first deficiency h; and further investi- 
gation at other points, present c, d, e, /, thus enabling us 
to determine the order of succession of the six formations. 
115. Since each formation has Jossih, remains of ani- 
mal and vegetable bodies, peculiar to itself, we are enabled 
by means of them to determine whether strata which are 
remote firom each other geographically, as in America and 
Europe, were deposited at the same or different periods. A 
difficulty may seem to arise here, firom what has been stated 
(§87) respecting the different animals and plants which 
live at present in diffisrent localities, but the differences 
between the &unas and floras of different geological periods 
are much greater than those which exist between the ani- 
mals and plants of any one period. The difficulty, in the 
case of the older formations, is also much diminished by 
the great uniformity which characterised the fi&unas and 
floras of those periods ; they were less numerous and more 
widely extended than at the present period. The relative 
ages of the more recent formations may be determined to a 
certain degree, by observing the number of animals and 



A0B8 or AQUXOUS AND I0NX0U8 SOCKS. 101 

plants oontained in them which are identical with species 
living at the present time. This number continually dimin« 
ishes as we recede from the present geological period^ until 
no trace of the species that liye at the present daj is frand. 
When two geological formations contain many fossils in 
common^ we infer that they were formed at about the same 
period. 

116. Some minerah haye been depomted| at certain 
periods more abundantly than at others; stilly different 
minerals have been deposited at the same period^ their dis- 
tribution depending upon local circumstances, as at the 
bottom of the present ocean, in some places limestones are 
forming, at others clay-beds, and at others sandstones. 
Identity of mineral constitution, therefore, does not prove 
strata contemporaneous, nor does the failure of that idenity 
necessarily indicate a different period of origin. When the 
fragments of rooks of one- formation are included in those 
of another, we have evidence that the rocks to which these 
fragments belonged were formed, consolidated and fractured 
before the others were deposited. The conglomerates, or 
pudding-stones, are filled with worn, rounded fragments of 
other rocks; indeed all the sedimentary rocks consist of 
frtigments, fine or coarse, of rocks older than themselves. 

117. As the unstratified or tgneotis rocks occur in no 
regular order of succession, their age is not always easily 
determined. Their relations, however, to the stratified rocks 
frumish some intimations of their relative ages. When an 
igneous rock has passed through a stratum, caunng disloca- 
tion or changes of structure, it is manifestly more recent 
than the stratum. A volcanic rock, as lava, may flow over 
strata producing its characteristic effects upon them, and 

subsequently other strata may be deposited upon it^ aocom* 

9« 
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modating themselves to its fonu, bat experiencing no Iiert> 
ing effecta &om it ; we oan, in socli cue, identiiy tlie p» 
liod of ilB eruption, as the (me Ttiaek elapsed between the ' 
deposition of the two beds. 

118. In A. B. 1680, Leibnits divided all rooks into 
two classes — stratjfied and nnstra^fied — ^in acoordanoe with 
their ori^. Snbseqaentl; Lehmann, a German mineralo- 
gist, classified the stratified roots, as 1. Primitive — those 
which contain no animal or vegetable bodies ; 2. Second- 
ary — those wliioh contused pknie and animals; and 8. 
Local — those which occurred in limited localities. Werner 

BE.6r. 
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made four classes : the primitive, traruitiony fioOz (flat- 
Ijing;) and alluvial. He proved that the stratified rooks over- 
lie each other in a constant order of saoceasion. He applied 
the term traasilion to the lower rooks which contain organic 
Temains, indicating that the world was, during their depo- 
sition; passing from an nninhabited to an inhabited state ; 
lasJkUe rocks coincided generallj with the secondaiy of 
other writers^ and in the aUuvial he indaded the most re- 
cent deposits. In the early part of this centarj; Chmer and 
Brogniart proposed a new class called tertiary, and still more 
recently a fourth class called the guatemaryy has been 
formed to embrace the diluvial or drift and alluvial deposits. 

119. A section of the globe coinciding with the fortieth 
parallel of north latitude^ shown in Fig. 67, exhibits the 
positions of the great mountain chains, with the stratified 
rocks sloping from and extended between them. The pri- 
mary, transition, and secondary classes of rocks only are 
indicated, and the proportions of the globe and its <^ crust" 
are necessarily sacrificed; for those proportions refer to § 8. 

120. A classification extensively used at the present 
day embraces all the stratified rocks in five classes. 

I. In an ascending order, the first class is the jpnmafyi 
whose strata rest upon the unstratified, igneous rooks, are 
more or less crystalline in structure, and destitute of organia 
remains. This class includes the metamarphic rooks, de- 
scribed in § lt)8. Mr. Lyell designates these rocks, hypo^ 
gene, nether-formed, because they have taken their present 
form at great depths. 

n. The second class, the tranniion or paiaozoicy are 
characterissed by the remains of the earliest plants and ani- 
mals. This class embraces the great coal formation. 

m. The third class, the gecondary, commences with 
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the new red sandstone above the eoal; and extends to the 
top of the ohalk. 

lY. The rocks of the fourth chss, the tertiary ^ are not 
generally so compact^ nor so highly inclined^ as the mem- 
bers of the first three classes. They contain the remains 
of many plants and animals^ identical with living species. 

Y. The fifth clasS; the qtbcOernaryy includes the super- 
ficial deposits^ the transported sand, gravely clay, &c. of the 
drift^ and alluvial, together with the local deposits of peat, 
marl; bog-ores, and soil formed by the disintegration of 
rocks in place, including the remains of animals identical 
with the present species, and some recently extinct, 

121. The following tabular arrangement exhibits the 
five cla^s, together with their groups or systems of forma- 
tions. 



QUATBBNABT, / 



TSBTIABT, 



SaOOlVDABTy 

Tbansition 
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122. The unstratified rocks do not admit of a system- 
atio olaaaification in accordance with a strict order of sue- 
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cession; but may be conyenieiitly arranged in gronps^ de- 
pending npon the nature and mode of aggregation of their 
constitaent minerals. Each of these groups is also associ- 
ated with particular systems of the stratified rocks. 

I. The graniJte group, comprising granite, syenite, ser- 
pentine, porphyry ; of dense crystalline structure, and asso- 
ciated with the primary class, and the Cambrian and Silu- 
rian members of the transition class, of strata. 

n. The ^op group embraces basalt, green-stone, tra- 
chyte, amygdaloid; of a compact and less crystalline stmc- 
tore, and occurs in the upper transition or paloeozoic, and 
secondary^ strata^ 

m. The vqUxvmc groups less compact, vesicular, and 
associated with the tertiary, and quaternary deposits. 



CHAPTER III. 



PAL2B0NT0L0GT. 

123. Most of the stratified roeks contain the remainB of 
animal and vegetable bodies, which have been imbedded in 
them by natural causes. That branch of geology which 
classifies and describes these relics, is caXied pales<mtology ; 
(palaias, ancient; ontosy being; logos, a discourse.) The 
bodies are called fossih, or organic remmns. The disco- 
yery that particular fossils characterize certain deposits has 
greatly contributed to the rapid advancement of the science 
of geology. ^^ Hence organic remains acquire a high degree 
of importance, not only from the intrinsic interest which 
they possess as objects of natural history, but also for the 
light they, shed on the physical condition of our planet in 
the most remote ages ; and for the invaluable data they 
afibrd as chronometers of the successive revolutions which 
the surface of the earth has undergone. They have been 
eloquently and appropriately termed the medcUs of ereoOion ; 
for as an accomplished numismatist, even when the inscrip- 
tion of an ancient and unknown coin is illegible, can from 
the half-obliterated characters, and from the style of art, 
determine with precision the people by whom, and the pe- 
riod when it was struck ; in like manner the geologist can 
decipher these natural memorials, interpret the hierogly- 
phics with which they are inscribed, and from apparently the 
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moBt inMgaifiaurtTOlioBjtrww flw hiatoryof b^ga of whom 
no other leoords are extaot, and restore anew those formB 
of o^niution which Uved and died, and whose races were 
swept &om the fiwe of the earth, ere num, and the oreatnres 
which are his eontempomies, heoime its deniaens."* 

124. Foeaila diSer greatly in the dtgrtet o/pntervatioa 
they exhibit. In a few rare inatanoeB azilmals have been 
preserved entire, with theii fleah and akin. In 17T4, the 
carcaaa of a riunoceroa was taken from t^e froien sand of 
Siberia, with more hair on the skin than the rhinoceros of 
the present day has. At the commencement of the present 
ooitniy, the entire oareaas of a mammoth was obtained 
Hg.6e. 



nbnlaa HamuiDtfa flnmd In frcusi gruTd- 

from on ico-diff in Siberia, twdve feet Ingh, sixteen feet 
long, and with tasks nine feet in extent. The flesh was ao 
well t^serred that the wolrea, bears, and hunters' dogs 
fed npon. it. The slun w covered with a mixtnre of black 
bristles, fifteen inches long, and wool of a brows eelor. 

* Uwtell'a MadalB of Creation. 
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More than ihirij pounds of tibe bair was collected. The 
brain and the capsule of the eye were in a good state of 
preservation. The skeleton. Fig. 68, together with a large 
quantity of the hair, is in the Museum of Natural History 
at St. Petersburgh. These animals are assigned to the 
pleistocene period, when they appear to haye been numer- 
ous in that locality. Br. Mantell states that thousands of 
fossil ivory tusks are annually collected there, forming a hi- 
crative article of commerce, and that the remains of a greater 
number of elephants have been'discoyered in Siberia, than 
are supposed to exist at the present time all over the world.* 
Insects occur perfectly preserved, sealed up in amber, a fos^ 
sil resin. Parts of the stomach and skin of large reptiles 
have in a few instances been found in older rocks, preserved 
by the antiseptic property of certain salts in the rocks. 
The '^ eatable earths'' which the inhabitants of some coun- 
tries have eaten mixed with saw-dust, consist of fossil infit- 
soria. Usually, the harder parts of animals, the bones, shells, 
and crustaceous shields only, have been preserved. 

125. In some cases no part of the animal or plant is 
preserved, but the space which the body occupied having 
been emptied byits decay is filled with mineral matter in- 
filtered, and thus presents a perfect cast; or if mineral mat- 
ter has not been infiltered we have only the mould. In a 
few instances impressions of only a part of the body, as 
foot-prints, are found. The tracks of birds occur in the 
New Bed Sandstone above the coal, Fig. 69, though their 
skeletons have not been found below the chalk. Similar 
traces of other animals are met with in the same sandstone. 

126. Petrifiiction consists in the substitution of mineral 



* Wonders of Geology, sec. n. 2 17. 
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for organic matter. In some instances ihe animal or veget* 
able substance is almost entirely remoyed, wliile the organio 
stmctore is retained, so that thin sections examined with 
the microscope, show the forms of all the fibres and yessels 

Fig. 69. 





(^ ^1^ 



J 



BIrd-tnuiki in Kew B«d SanditoiM. 



in thehr proper places. Limestone fossils plaeed in amds^ 
have had all the petrifying material dissolved, and yet ex- 
hibited the animal tissues in a perfect form. The process of 
petri&ction has been imitated artificially; bones, leaves, &q. 

10 
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«fr 70. 






Tneks of the GheirotheriTiiii. 

* 

have been buried in mud and sand; and after the lapse 
of a few years have been found petrified. The process is 
influenced by the presence of salts, as the sulphate of iron^ 
in the mud, and is accelerated by heat and pressure. All 
fossils, however, are not petrified; nor does the age of the 
rock containing the fossil necessarily determine the amount 
of petrifaction : bones have been obtained from the Wealden, 
that were light and porous, while some from the most recent 
tertiary rocks were completely petrified. 

127. Plants-are sometimes petrified, but have more fre- 
quently sustained chemical changes, by which their own 
elements have been transposed and their vegetable structure 
destroyedi; subjected to moisture and pressure, secluded 
from the air they ferment, evolve heat, and are converted 
into bitumen. This change is partially illustrated by a 
mass of half-dried hay, which ferments, becomes of a black 
color, and sometimes generates sufficient heat to take fire. 
Bitumen is a black combustible substance, and liquid as 
petroleum, naptha; viscid as asphaltum, mineral pitch; or^ 
solid as jet, ct^nnel and bituminous coals. In like manner 
animal muscle, buried in wet earth from which the air is 
excluded, is converted into a fatty wax called adipocere, 
(ad^Sf fat, andce9'a,'Wax/) retaiiiingllo trace of the original 
]AiifiK)ula^ fibre.' In soine of the fishes of t&e Old IRed Sand- 
atone, their muscles, blood, &c., have been converted into a 
dark-oolored bitumen, which in some places pervades the 
rock to such a degree as to cause it to be mistaken for coal. 
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It. lesemUes Uaek wax, or wh«i fiuid^ the ocNil tar of 
the. gas works. Thisiuiimal bitamen is ezDinentlj aQtiBep« 
tioy preserving, in all their elasticity the bones^ fins^ and 
scales enveloped in it, better than the oils and gums implied 
to the old Egyptian mummies.* 

128. The petrifaction of animal and Tegetable bodies is 
frequently accomplished by means of the meicUi. The me- 
tallic salts, the Qulphate of iron for example, dissolved in 
^e waters of the earth, are decomposed; their oxygen 
uniting with some of the elements of the organic bodies, the 
metals are precipitated as sulphurets. Hence fishes are fre- 
quently found incrusted with iron-pyrites (sulphuret of 
iron) while their internal parts are converted into stone or 
bitumen ; not unfrequently, however, their whole substance 
is changed into metal, all the traces of organic structoie 
obliterated, and their form only preserved. 

129. The most common jpetrtfier$f are carbonate of limei 
oxide carbonate or »ilphate of iron, and silica. A fossil 
petrified in limestone, however, will not necessarily be cal- 
careous. Many of the fossils of the chalk are flints, and 
those of clay-slates, calcareous. The cavities, as the interior 
of shells and hollow-bones, are often filled with crystals of 
limestone, or of silica, which, dissolved in water, was infil- 
tered into these closed cavities through the pores of the 
shell oi bone. 

130. The means requisite for determining the characters 
of fossils, are furnished by such a degree of knowledge of 
hotanyy zoology j and comparative anatomT/^ as is adequate 
to the determination of living species. The same modes of 
investigation apply to both fossil and living species ; they 

* Miller's Foot-prints of the Creator. 
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are the natonl complements of each other. Systema of 
botany and zoology are not complete ^thont these extinot 
forms. In consequence of the relations which eidst between 
the parts of animal frames^ the observer is enabled to de- 
termine from a single bone the form and position of the 
other bones, and the entire condition of the animal. Thmi 
the sharp, retractile, carved claws of the Hon require that 
the bones immediately above them on the foot, and with 
which they articulate, be of such a shape as will allow free 
motion 3 the bones preceding these require also to be 
adapted to the design intended to be subserved by the claws. 
With these claws are associated the pointed sharp teeth 
adapted to tearing and cutting flesh. In animals feeding 
exclusively on flesh we always find the intestines about one 
fifth 9B long as in herbivorous animals. Hence a single 
tooth, or claw, suggests to the comparative anatomist the 
general form and habits of the animal. A dngle tooth of 
the Iguanodon enabled Cuvier to decide that the animal to 
which it belonged wa« an herbivorous reptile. The scales 
of fishes are so highly characteristic that Ihrofessor Agassia 
has made their peculiarities the basis of his classification of 
these animals. A single scale found in the intestines of an 
Ichthyosaurus enabled him to identify the extinct species 
to which it belonged. In this way, peculiarities of stmo- 
ture reveal to the pakoontologist the characters and modes 
of existence of creatures that ceased to exist ages before 
the creation of man, and to the geologist the condition of 
the world at that period. 

131. The relics of animal and vegetable organization 
occur in almost every stratified rock, but in much greater 
nwnbers, and in a better state of preservation in some strata 
than in others. Nor are they equally abundant throughout 
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the same bed^ some portions consiBting almost axelosiYely 
of them^ while in others they aire sparingly difiiised or en- 
tirely absent. Some limestones many feet in thickness are 
made up of shells or corals in eountless nnmbers, cemented 
together by the carbonate of lime. But the greatest numbers 
of individuals accumulated in a limited space are presented 
by the most minute animals. Soldani obtained from a frag- 
ment of rock in Tuscany, which weighed one ounoe and a 
half, ten thousand four hundred and fifty-four marine shellsi 
resembling the Nautilus. One thousand of them weighed 
one grain. Some of the Wealden strata in England one 
thousand feet thick, and deposits in Auyergne seyen hun- 
dred feet thick, coyering an area eighty miles long and 
twenty wide, are filled with microscopic crustaoeous animals. 
In Germany it bed fourteen feet thick, is made up of fossil 
animalcules so minute that, according to Ehrenberg, forty- 
onff thousand millions of them occupy but a cubic inch. The 
total number of organic relics in the rocks is inconceivably 
great since more than two-thirda of the earth's sur&ce is 
covered by fossiliferous deposits, many of which are several 
thousand feet thick. They are found at an elevation of at 
least seventeen thousand feet above the level of the sea, in 
strata of the Himalayas and Andes;, and are obtained in 
excavations more than two thousand feet below the same 
level. 

182. The medium through which fossils have been de- 
posited has usually been the ocean ; and by far the largest 
number are those which lived in the sea, and hence are de- 
signated marine. Some, however, lived in brackish water, 
and the strata in which they are found are termed uiuary 
deposits, as was the case in the coal measures, and the 
Wealden strata. A part of the Tertiary series contains 

10* 
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frtA vhmUt animals and plants. Gomparatiyely few fer- 
resfrud relics ooour : bat the Wealden, Tertiary^ and Dila- 
la^ial deposits contain some remains of land plants and 

133. Fossils nsoally occur in the situations in which 
they were at the time of their death, and hence often have 
their most delicate parts preserved. Some of the shells of 
the Wealdtti retain their epdermis; and ligaments of their 
valves, showing that they have not been subjected to friction. 
But there are immense reefs of broken shells and corals, 
some of which are worn to€ne dust, indicating the violence 
to which they have been subjected. 

134. In order to a ftill appreciation of the import of 
fossils, we must be enabled to compare them with each other 
at different geolo^cal periods, and with the existing races. 
This can be effected only by means of the distinctions and 
principles of classification used in Natural History. 

A species is a group of individuals that are alike in every 
character not affected by accidental circumstances. Species 
are continued from generation to generation without the 
slightest change of character. Those vanable changes which 
are produced by accidental causes, constitute varieties. Spe- 
cies are not convertible into each other. We know of no 
power adequate to the production of a species, short of the 
direct act of the Creator. Species have been obliterated in 
thousands of instances in the farmer ages of the worid, and 
in a few known cases since the creation of man. (§ 86.) 

A genm is an assemblage of species having certain char- 
acters in common. Oenera usually embrace a considerable 
number of species, but a single species differing widely from 
all others may constitute a genus. 

An order is an assemblage of genera, as a cUm is of 
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ovders, while tiie whole are included in a kinffdom. The 
tsrmB/amtiy and tribe are used to designate groaps inter- 
mediate between genera and orders. 

185. We have seen (§ 87) that the plants and animals 
of the present period are distributed in floras and &anasy 
limited bj climate and other eiroomstances. The examina* 
tion of fossils in their beds showa that similar laws of dii- 
tributian prcTailed also at former periods. Classes and 
orders were^ as they now are, yery widdy difiosed, and 
genera often eOTcred eztensiTe areas^ but species were re- 
stricted within comparatiyely narrow limits. In the periods 
oi deposition of the earliest fosnliferons rocks, the temper- 
ature of the globe appears to have been higher than at 
present, and the faxmaa and floras less numerous, but eover- 
ing a wider range. A formation existing in different parts 
of the world) very rarely contains the same species through- 
out ita extent. -The fossils of the chalk in England are in 
very few instances specifically identical with the American 
chalk fossils : the genera are the same, and tiie speciesanakr 
gons but not identical. 

136. Examinati<m of the successive formations of the 
f ossiliferous rocks, shows that species of |dants and aTiimftlg 
have been introduced at different periods, continued for a 
time, then obliterated and their places supplied by others. 
The period9 of duration of fieuniliesy genera and species, are 
very variable. Species: rarely extend through more than 
a single formation, but genera are often found in several 
successive formations, and in a few instances have survived 
all the mutations exhibited by the fossiliferous strata, 
having representatives in the existing races. Oenera, how- 
ever, and even orders are sometimes limited to a single for- 
mation ; in other instances they reappear after having ceased 
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throng several formations. Those generti and species which 
snrviTe through seyeral formations^ are such as have a wide 
^ographical distribution^ and seem to be endowed with a har- 
dihood which enables them to endure changes of climate 
and other circumstances. Those species which live in deep 
water, with a more equable temperature are also more per- 
manent. Shellfish and crustaceous animals are more endu- 
ring than Tertebrate animals : no species of fish has yet 
been found in two successive formations. 

1B7. Geologists presume plants and animals to have 
been introduced at the period of the deposition of the lowest 
strata in which their remains are found, though it is admit- 
ted they may have lived at an earlier period, and all trace of 
the existence of those first created, may have ceased in con- 
sequence of their frailty or the action of heat upon the 
lowest strata. Negative evidence on this^ subject is by no 
means conclusive. The failure to find the remains of a par- 
ticular animal in a formation, does not satisfactorily prove 
that the animal was not living during that period : contin- 
ued search may yet discover it; or its'mode of life may have 
been such as to render the preservation of its remains aflber 
death, very improbable. But if from the remains found hi a 
formation, we can infer the adaptation of circumstances to a 
certain class of animals, we do not expect to find in that 
formation animals whose organization require otheir circum- 
stances. Thus in the coal formation whose plants clearly 
indicate the prevalence of a climate more elevated than that 
of the tropics at the present time, we do not expect to find 
indications of the existence of plants adapted to a temper- 
ate or arctic climate. 

138. The close of geological periods appears to have 
been the time at which most of the change$ in species oo* 
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earred; in some instances the change— obliteration of the 
old species and introduction of the new — is sadden^ abrupt, 
and in o^ers gradual. The introduced species are in no 
sense modifications of, or descendants from the species that 
preceded them. The fiicts of Geology disprove the hypothe- 
sis which supposes that animated existences were all intro- 
duced as mere points of vitality — ^monads — ^from which 
by a natural process of development, without the interpo- 
sition of creative agency, they advance through continuous, 
regular grades, to the highest state of perfection and com- 
plexity. Mr. Hugh Miller has shown, on the contrary, > 
that in certain orders there has been a degradation of spe- 
des.* There was a time when reptiles represented the 
carnivorous and herbivorous quadrupeds, but such magnifi- 
cent reptiles have not existed since. There was a time 
when birds seem to have been the sole representatives of 
the warm-blooded animals, but their foot-prints in the sand- 
stone show, that in size no birds of the present day can 
compare with them. Although species remain constant in 
their characters, and changes are effected only by creative 
energy introducing new forms, still progress is discernible 
in the beings which have successively peopled the surface 
of the earth — ^progress in tiieir approach to the present races. 
In the vertebrate animals the order of succession has been, 
fishes, reptiles, birds, mammiferous quadrupeds, and finally 
man. The relation between animals and the periods at 
which they live, appears to be a part of the plan of the 
Creator, as truly as is their distribution. 

139. By a comparuon of the fossils of different forma- 
tions, we learn that those which are most unlike are most 

* Foot-Prints of the Creator. 



xemote from eaeh otili^ in, time. The OKgame romniim of 
the Siluiiaa and Garbonifeifoiip periods are more like to eabb 
other than thej are to those of the chalk or tertiarj; and 
the deeper we descend m the strata, the more nnlike to the 
existing races are the fossils we obtain. In the earliest 
foBsiliferons rocks the simplest forms of organization pre- 
dominated, but representatives of all the classes are fouB4 
with them. The rektiye nnmber of species and genera of 
these classes has continually varied in ike. snoeesmve for- 
mations. 

POSSIL BOTANY. 

140. All vegetables, fossil or recent, may be arranged 
under two grand divisions, cdkUar and wucidar. 

I. OeUfdar plants prelaent the simplest forms of vegeta- 
tion, consisting of an assemblage of cells of the same kind, 
without regular vessels, and having ho visible otgans of 
fructification. Such are the sea-weeds (confervas, algsd,) 
mosses and lichens. 

IL la vascular plants the cells are elongated into tubes 
or vessels, called voMukar titnte, and form organs of ni:^- 
tion and fructification. Four classes are formed in this 
division, in accordance irith the structore ci the organs of 
fructification. 

1st. Ort/ptogamim, having neither pafect flowers nor 
visible seed vessels ; to this belong the fern, eqidsetum or 
marestail, and cahunites. Great numbers of tJiese oocur 
fossil. 

2nd. Gymnotpermow Phanerogamise^ having flowers ; 
but their principal diaracteristic is the nakedness of their 
seeds. To this class belong the Cycadesd, or pine apple tribe, 
and the Coniferar, or firs. 
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8d. Jfenooo^pIetfonoHf Ptianxrogomite, flowering jdanti 
wbow wedn have only one cotyledon, or seed-lobe, «b the lUy, 
the palm, and the caoe. These are also called Endogmow, 
beeaose th^ receive their growth wholly within, 1^ the for- 
mation of new bundles of Tesselfl at the c«it«r, crowding out 
and oondennug Uioee which lie toward the edge. They hdve 
no I^th, coitoentrio cirolea of woody fibre, nor tme bark. 

4th. IHcDtyUdonou* Phantrogamite, flowering plants 
whose teeab hare two ootyledona or seed-lobes, aa the bean. 
These are txogentm; receiving annnal deposition of woody 
fibre, apon the previons growUi, and have tme bark and pith. 
A cross section of the oak exhibits the pith at the center, 
eonoentriaoiroles of woody fibre, connected by fine straight 
lines- —the inednllary rays— which radiate from the oenlzal 
|Mth. To this class belong oar forest trees, and shrubs. 

141. As fragments of tmnks and branches are often the 
only specimens we have of a foenl species, we are obliged 
to resifft to the stndy of their oRatomicai ttrvetwrt, Tiieoe 
F^. 71. 
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an qail« diBdnctiTe and ue frequently reij perfeoU; pre- 
■erred. A fragment of fossil wood oat t^ thin, will, witJi 
the aid of a microscope, show the form and position of the 
veseels so clearly as to enable tbe observer to detennine 
the nature of the plant. 

• The leavei, either entire, or impreafflons of them an 
very common, and enable na to distinguish between endoge- 
noos and exogenous struotures. If the Tcina of the leaf be 
all parallel, or connected only by little tmuverse bare, the 
plant was endogenous; bnt if they are unequal in thickDess 
01 arranged in net-like meshes, they belonged to an exoge- 
nous plant. The fiovien of some liliaoeoua plants have 
been found with their corollas, and oalyxea preserved, but the 
anthers and pistils could not be recognised. The preoeding 
figure, 71, presents a portion of a ooal plant, discovered at 
TaUmadge, Ohio, by Charles Whittlesey, Esq., which very 
closely resembles the corollas of some plants, Tbe fra^ 
Fig. 72. 
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of maiij plants occur fossil in great profosicm, m sonM^inrti 
and seeds. 

Some trunks of trees haye been fimnd of great length; 
as the Norfolk Island pine^ forty feet long^ in the carbon- 
iferous limestone of the Crai^itili quarry near Bdinbnrg^i 
and the '^petrified forest'' near Cairo in the Egyptian 
desert, where the silicified trunks of trees from forty to sixty 
feet in length and tluree feet in diameter, cover the gronnd. 
The resinous tecreUatu of pnes and other coniferous plants, 
are sometimes found fossil, as amber, which has been fimnd 
in its natural position in trunks of trees. Some specimenB 
of amber are black, showing the process of bituminisation 
they have undergone. Iliis also is supposed to be the ori- 
gin of the diamond. 

142. The cellular plants, as the alg», occur most abund> 
antly in the most ancient fossiliferons strata; in some of 
the Silurian rocks, entire layers are formed of a large spedes 
of sea-weed. Of vascular plants, the cryptogamous— fern, 
equisetum, and calamite — are found predominating in the 
carboniferous rocks, but existed earlier than iliat period. 
As we ascend in the series of rocks from the secondary 
class tQ the alluvial, the fossil ferns diminish in number, 
as they do when we travel from the equator toward the 
poles at the present day, when of the one thousand five 
hundred species, one thousand two hundred are within tho 
tropics. •* 

The gymnospermous plants — Cycadess and Coniferous— 
were most abundant in the lias, oolite, and tertiary periods. 
The endogenous class including the palms flourished during 
the tertiary period, though they are found to some extent 
in earlier periods. In the Illinois coal field a group of 
fossil palm trees has been discovered with their roots in the 

11 
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6layi and theur trunks in the ooal and sandstone above. 
The geological position of the exogenous plants is in the 
tertiary and recent deposits. The lignite or brown coal is 
almost entirely composed of dicotyledonous treeS; the poplar^ 
wiliowi elm^ chestnut; and maple. 

143^ We have reason to presume that the history of 
fossil yegetalion is not complete, since probably many 
families were too frail to be preserved, and many of the 
dicotyledonous class were not in situations favorable to their 
fossilization. The grasses/ so abundant at the present time, 
seem to have been almost entirely absent from the second- 
ary period, when plants allied to them were flourishing. 
The exuberant growth of vegetation during the coal period 
has led M. Brogniart to conjecture that carbonic acid was 
more abundant in the atmosphere at that time than at other 
periods. The number of fossil species of plants at present 
recognised and described, is about eight hundred. 

144. The various yb?*m« which the carbonaceous matter 
accumulated by plants presents — anthracite coal, bituminous 
coal, jet, lignite or brown coal, and peat— depend upon the 
original structure and composition of the plants ; upon the 
natore of the mineral deposits in which they were imbed- 
ded; and upon their more or less complete seclusion from 
the air. The conversion of wood and peat into lignite and 
ooal, is still occurring. In the state of Maine, true bitumin- 
ous coaf has been found at the depth of four feet from the 
the surface, in a peat-bog of twenty feet thickness. Sections 
of the coal show that it is the remains of coniferous trees, 
immersed in the peat. The timbers of the Eoyal (George, 
an English ship of war sunk off Portsmouth, and raised 
after sixty years immersion in the silt of the ocean, resem- 
bled in texture and color, the wood of submerged forests. 
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^T FOSSIL ZOOLOGY. 

The number of animals fossil^ as well as recent^ is so 
great and their structure so diversified, that an outline of the 
classification of the animal kingdom is indispensable to a 
due appreciation of the Divine plan manifested in their crea- 
tion and distribution. 

145.'Accordmg to Cuvier's Classincation, the animal 
kingdom consists of four great divisions — the Radiated, 
MdUuseous, Articulated, and Vertehrdted, 
' 146. I. The Radiated division is so called because the 
animals belonging to it have their organs of sense and mo- 
tion arranged circularly, in radii from a center. Thej 
either have no nervous system, or one very indistinctly 
marked. Some are fixed as the corals (§ 74.) j others move 
about as the star-fishes, and sea-urchins. The division of 
Badiata embraces three classes. 

1st. Sea-urchins, whose surface is studded with spines 
— Echtnodermata. 

2nd. Jelly-fishes, including the Portuguese man of war 
imd BanrRahear-'Acalephss. 

8d. Polyps, attached to the earth like plants ; many of 
tiJiemt secrete coral — Polypi. 

If sponges belong to the animal kingdom, they should 
be classed with the animals of this division. The crusts of 
tiie Echinodermata are well adapted to preservation and are 
fbund in many of the formations, and the secretions of the 
polyps— corals — abound in the rocks. The jelly-fishes, 
having no hard parts, have very rarely been preserved. 
Agassiz estimates the number of living species of Badiata 
at ten thousand. About one thousand five hundred extinct 
species have be^ recognised : they abound in the paloo- 
oioio— oldest fossiliferous — crocks. 
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147. n. The animab of the MdUuteous divicdon^ have 
their nervous systems di^rsed throu^ their bodies in 
irregular masses; their muscles are attached to theskin^ 
which in most of them is covered with a shell, and they 
have distinct systems of circulation and reparation. This 
division embraces l^ree classes. 

1st. Those whose arms — ^tentacles — are arrangjsd about 
their mouths, as the cuttle-fish — Cephalopoda* 

2nd. Those which creep upon a flat disc or foot, as the 
snails — Gasteropoda, 

3d. Those which have no distinct heads, and are en- 
closed in bivalve shells, as the oyster and clam — Ac^Jiaia. 

As these animals lived in situations favorable to the 
preservation of their shells, we find great numbers of U^em 
fossil, and they are more frequently used to determine the 
identity, or relations of strata than any other class of fossils. 
Shells are either univalve, bivalve, or mitUivalve, aoc(M*ding 
to the number of pieces which make up the shell. Some 
univalve shells are divided by tight partitions, and are 
called chambered shells. The branch of science which 
classifies and describes shells, is termed Conchohgy. 

The Cephalopoda abound in the older strata; and the 
other two classes in the more recent rocks. The total num- 
ber of living molluscous species is estimated at fifteen thou- 
sand. About six thousand extinct species are described. . 

148. III. In the animals of the Articulated division, 
the nervous system is arranged in the form of two paraUel 
cords, which at intervals swell into knots, or ganglions. 
The bodies of these animals consist of joints — articuli— each 
one of which is furnished with a ganglion. This division 
embraces three classes. 

1st. Insects, including spiders. 
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2iid. Worms, including leeohea. 

3d. CrustaceooB animalS; aa the lobster and trilobite. 

Insects are by far the most numerous class of animali^ 
but as they are yery perishable, and are deyoured by many 
animals, few relics of them are found in the rocks : still they 
have been found as low in the series as the coal. Spiders are 
first seen in the oolite, and scorpions in the coal. WormSy 
with the exception of a few which secrete a calcareous cov- 
ering, have left no trace of themselyes in the strata. The 
entire number of species of the articulate is estimated at 
two hundred thousand. The number of extinct species now 
known is about eight hundred. 

149. lY. The highest division of the Animal King- 
ddm is the vertehrated, whose members are characterised 
by a skull containing the brain, and a spine— vertebriD-— 
containing the principal trunk of nerves. They have a 
skeleton, five senses, and red blood. Man belongs to this 
division. It embraces four classes. 

1. Animals which suckle their young — ^Mammalia. 

2. Birds. 

8. Beptiles, including lisards, snakes, turtles, and finogs. 

4. Fishes. 

The fossil remains of animals of this division are very 
important, intimating most distinctly the circumstances in 
which they lived. The members of this division first intro- 
duced were the fishes, whose remains have been found in 
the lower Silurian and Cambrian rocks. IVofessor Agassis 
distinguishes them, according to their ooverings, into four 
orders. 1. Those with enamelled scales, like the gar-pike 
< — Ganoids — (fig. 73.) 2. Those with the skin like sha- 
green, as the sharks and skates — PUicoidk-^ftg. 74.) 
8. Those which have the edge of the scales toothed, and 

11* 
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Kg. 7i. Fig. T6. 



unudly bony-mys in the fina, u ihe perch — Ctenoidt — ■ 
(fig. 75.) 4. Those wbow scales aM entire, and whose 
fin-raj@ aie soft, like the salmon — Cydoid* — (fig. 76.) The 
Flacoids were first introdnoed; and the O&notds sacceeded; 
while Gtenoids and Cjcloids were later, commenoing at the 
close of the secondary period, and constitnting three-fonrths 
of the existing species. 

The nnmber (J living species of fishes is eight thonsandi, 
&nd of extinct species now known, nine hundred. 

Septilei first appear in the New Bed Sandstone, and 
become predominant in the Oolite. Tlieir remains ore 
among the most remarkable in the strata. Tortoises are 
found in all formntions above the coal. The nomber of 
species of Reptiles is estimated at two thousand. Of the 
extJDct species one hundred and twenty are known. The 
tracks of hirtU are found in the rooks abandaotly, as low 
aa the New Red Sandstone, and their skeletons in tiie 
Wealden, Tertiai;, and Diluvian. There are supposed to 
be six thousand living species of birds, and thirty-five ex< 
tinct species have been recognised. 

The remains of MammtUia first appear in the Oolite, 
in which some species of Marsupials (animals furnished 
with a ponch for the protection of their young, as the Opos- 
sum) have been found, but the remains of animals of this 
doss are found principally in the Tertiary strata. There 
Ke probably two thousand living species of Mammalia; an 
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^wo hundred and seyenty-five extinot species are desoribed. 

150. The fecatt remains of fishes, reptiles, and some 
father animals, are called Ooprolites. They in some in» 
stances clearly indicate the nature of the food of the animal 
to which they belonged. Fig. 77. 

The Coproliies of l^e Sau- 
rians contain the scales 
of fishes. The spiral con- 
volutions of the intestines 
characteristic of the ear- 
liest fish^, are distinctly ooproute. 
impressed on their fecal remains. Coprolites are found 
sometimes detached, and sometimes in the intestines of the 
fossil animals. 

151. The geological formations have sometimes been 
grouped and classified, in accordance with the predominant 
types of animals and vegetables which lived at the time of 
their depositions. The periods have accordingly been desig- 
nated, &B—^atozotc {protoSf first; and zoej life;) the period 
in which are found the first forms of animated existence ; 
metozoic (meMM, middle ; and zoe^ life ;) the period of inter- 
mediate forms of life ; and cainozoic (kainos, new; and zae, 
life ;) the period of most recent living forms. 

152. The division which IVofessor Agassiz has proposed, 
based upon certain classes of animals characteristic of the 
eras during which they flourished, is more definite.* He 
distinguishes four Ages of Natwre^ corresponding to great 
geological formations. 

1. Tlie Primary or Palaeozaic Age, embracing the 
Cambrian, Silurian, and Old Bed Sandstone systems : the 

* Principles of Zoology, Chap. XIV. Section 2. 
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period during which no air-breathing animals lived; hat 
Zoophytes, Shellfish, and Trilobites flled the seas. As 
fidies were the only representatives of the vertebrates, the 
age is called the Reign of^FitiheB, 

n. The Secondary Age, comprising the Carboniferons, 
Trias, Oolite, (including the Lias,) and the Cretaoeoos for- 
mations. Insects, Beptiles, Birds, and Mammals, make 
tiieir appearance during this period, but as vqit&es prepon- 
derate, it is called ilie Reign ofR^pHle*. 

in. The Tertiary Age, embracing the tertiary for- 
mations, in which the animals bear close resemblance to 
those of the present day, belonging generally to tiie same 
&milies, and very frequently to the same genera. Aquatic 
animals do not preponderate, as in the former ages, but 
large terrestrial mammalia abound ; hence this age is desig- 
nated the Reign of Mammah, 

lY. The Modem Age, comprising all depodts since 
the Tertiary ; characterized by the introduction of the most 
perfect animals, with man at l^eir head. Some of these 
became extinct before the creation of man — as the masto- 
don. This age is denominated the Reign of Man, 
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THB UNSTBATIFIED BOOKS. 

153. Thx igneous rocks differ in chemical comporition, 
in modes of aggregations and in position. Tbey often pass 
into each other bj insensible gradations. Two characteris- 
tio minerals, feldspar and hornblende^ enter into the com- 
position of all of them. When they have cooled under 
slight pressure they are porous in texture, as modem lavas ; 
but when l^ey have consolidated beneath great pressure, 
they are dense and crystalline, as granite. 

0EANITIC ROCKS. 

154. The granite rocks are highly crystalline, destitute 
of all traces of stratification, and occur as the basis upon 
which aU the systems of strata repose ; they are also thrust 
up to the sur&oe in mountain masses, or injected into the 
strata in tortuous veins. They are associated, for the most 
part, with the oldest strata : they constitute the axes of 
principal mountain chains of the globe. 

155. The characteristic ingredients of granite are quarts, 
feldspar, and mica, nungled in vailable proportions^ The 
prevalent color will depend upon the predominating ingre- 
dients ; white and flesh-colored are common hues. The rock 
is either coarse^ained, when the distinct crystalline frag- 
ments of which it is composed are large ; or fine-grained^ 
when they are very small. 
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The quarti and feldspar ore sometimeB bo uranged, u 
to present figures [esembling Hebrew or Arabia letteia. 
The rock ia then called graphic granite. This stmotuie is 
frequentty exhibited bj granite ^ig- 78- 

veins, which occur 'in older gran- 
ite. When granite contains large 
distinct crystals of feldspar, it is 
denominated jporpA^nVic. Gran- 
ite appears, in some instances, as 4 
at Arran in Scotland, to have ) 
been protmded through the strata 
after it had consolidated. ' 'i^fUc Gmnta. 

156. In Si/enite the three essential eonstituents are 
quartz, feldspar, and hornblende. It derives ito name from 
Syene in Egypt, where it was formerly extensively quar- 
ried. The rock, composed of quartz, feldspar, mica, and 
Iiomblende, is called Syenitie Granite. Syenite is of a 
dark-green, or black color. 

157. The term porphyry (porphura — purple) was ap- 
plied by the ancients to a rock consisting of crystals of 

Kg. 79. reddish feldspar imbedded in a 

' base, of which feldspar was also 

ian abundant ingredient. The 
rock was hard, susceptible of 
polish, and was used for archi- 
tectural purposes, sarcophagi, 
fe. The term porphyry is now 
used to designate a rock of uni- 
form compact base, through 
which are disseminated distinct 
PorpiijrT. crystals of any mineral. Crys- 

ala of feldspar occur in basalt nnd trachyte, constituting 
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basuMo porphyry; and tracfaytic porphyry. Instead of feUU 
spar the imbedded crystals are sometimes of hornblende, or 
olivine. 

158. MetdUferous vetm, are most nnmeroos in the pri- 
mary and transition rocks ; they rarely oooor worth work* 
iiig above the coal. The ore does not usually ooonpy the 
whole vein, but is mixed with qnartz, granite, porphyry, 
sulphate of baryta, &c., which constitates the vetn^fftm«, 
gangiie, or matrix. Metallic veins differ greatly in thick- 
ness and extent; the contents of the same vein also vary in 
its different parts. Metallic veins are most prodnctive when 
they pass through the junction of thennstratified and strati- 
fied rocks: their productiveness is also influenced by their 
direction ; the east and west courses of the tin and oopper 
veins of Cornwall are productive, while the crow courses — 

north and south veins — ^are not worth working. 

» 
TRAPPEAN BOCKS. 

159. Certain crystalline rocks, composed of feldspar, 
and augite or hornblende, are called trap rocks, firom the 
Swedish word trappa, a stair, because they frequently oc- 
cur in tabular masses rising one above another, as terraces 
or steps. They appear to have been ejected as lava through 
fissures, and have produced the characteristic efibcts of heat 
upon the adjacent rocks. The trap rocks differ in constitu- 
tion firom the granitic, in containing much less silica, more 
magnesia, lime, alumina, and oxide of iron ; and in being 
more fusible. The trap rooks occur in dikes, in dome- 
shaped masses covering other rocks, and in regular pillars^ 
ihey are usually compact, but sometimes are full of pores. 
There are several varieties of trap rocks. 

10^. Greenstone consists of an intimate mixture of feld* 
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Bjfut and hornblende of a dark green color, and is eitlier 
compact or ciystalline. When the roek is. composed of 
albite and hornblende in grains it is called dioriu. The 
stmctore of greenstone is sometimes massive, but more fie- 
quently tabular. 

161. The constituents of Busalt are augite and feldspar. 
When the former ingredient preyails, as is usualljrthe oase^ 
the rock is of a dark green, or black color, which is due to 
the iron in the augite. Another metal, titanium, is ususJly 
an ingredient, and the mineral, olivine, is often found in 
grains or nodular masses in basalt When coarse crystals 
of feldspar are disseminated in the rock, it is cdXMparphy* 
ritic basalt. The structure, of this rock is usually columnar. 

162. Trap rock, containing almond-shaped cavities, is 
called amygdaloid, (from amygdtdum, an idmond.) These 
cavities are sometimes elongated by the flowing of the 
melted matter into cylinders several inches long. The 
cavities of the amygdalmd are filled with zeolites, quarts, 
calcareous spar, &c. A soft and earthy variety of ttap, re- 
sembling indurated olay, is called vxuike or toadstone, 

163. Trachyte is composed of feldspar, with a small 
proportion of hornblende, titaniferous iron and mica. It 
derives its name from its roughness, or harshness to the 
touch— *^acAiu in the Greek language signifying trough. 
It appears frequently in pulverulent masses of pumice, called 
tufa or tuff in rocks of all ages, invariably indicating the 
yicinity of erupted igneous rocks, Trachyte usually con* 
tains distinct crystals of feldspar, and consequently is por* 
phyritic ; it is also sometimes designated trachytic porphyry, 
A gray variety of basalt, consistipg principally of feldspar, 
produces a clear ringing sound wk^U struck with & hammer|. 
and is called clinkstone. 
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161. Ser^f^ine, k greeDiBli rock oontunmg a large pro- 
portion of mftgneua, sometimes traTerses tho straU in^dike* 
wid TeinB, but ooonra more frequently as a metamcffphio 
Kwk. 

166. Trap rocks Terjr freqaently present themselYea in 
dikes, injected into fiasoroa in tiie stratified and nnstratified 
rooks. Fig. 64, § 106, presents a poweriul trap dike, peD&> 
traldng the strata, in New Sopth Wales. When such dikes 
pass tlirou^ soft stnta, as shsle, they are Bometjmes left 
prominent, by the Tatste rapid wearing away of the soft roeka. 
In some instances, however, they are decomposed more 
rapidly than the containing rook, in oonsequenee of the 
oxidation of die iron in their composition) in such case* 
they leave open fissures. 

166. The moat oonsiucnoua effects jmidnoed by ixKf 
rooks are the ohangee which Uicir intense heat has efieeted 
on adjacent rocks. A trap-dike in Anglesea, passing ver- 
tically throngh shale, has altered the stmctnre of the strata 
to the distance of thirty-five feet from itself, converting the 
shale into a porcellaneous jasper, and obliterating the fossil 
sbells of the stra- fig. go, 

ta. In the north 
of Ireland basal- 
tic dikes traver- 
sing the chalk 

have converted 

it into granular 

raorble to the 

distance of ten 

feet. No traces 

of the organic re- Tn^Hiiie. 

mains, so abundant in the chalk, are discernible in the rock 
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diiu cryBtaUiied. Fig. 80 repraeents a trap dike <Ii«- 
plodng and altering the stracture of etrata. Secondary 
fanditones Iiave been converted thus into cpiaits rock, 
Beds of coal, from their combustibilitj, exhibit the agency 
of these melted rocks in a striking manner. A greenstone 
dike passing tbrongh a oool-bed in Ireland haa reduced it to 
dnders, tbrongh a space of nine feet on each side. In the 
north of England a similar effect has been produced by a 
tnip.4ike passing through the coal eeriee. At a distance of 
one hundred and fifty feet, the stmctnre of the ooal is 
obanged. At a certain distance it is coked, while in the 
immediate vicinity of the dike it is bnmed to soot. This 
dike extends seventy miles and is fifty feet yfide. 

167. MasBCB of trap rock are frequently met with, in- 
traded between strata, covering extensive areas, closely re- 
sembling beds. They take this position when the tesistance 
<^eTed to their progress laterally between the Btrata, is less 
than that which they enooanter from above. In some in- 
stances, having spread oDt in horiiontal sheets upon the 

Fig. 81. 



TKAPFEAN H0CK8. tM 

bottom of the ocean, thej bave beeo anbseqaontl; ooTeied 
by Eedimontary depouta. 

-y — 168. The struoture of the trap rocks, especiBllj of bft- 
salt, b very frequent); colnmiuu-, dividing immeiue mama 
into regular prisms, and constituting some of the most re- 
markable fe&turea of the earth's sooneiy. The " Qiant's 
Causeway " ia the legendary name applied to the most regu- 
lar eeriea of the magnificent basaltic columns vhich abound 
in the north of Ireland. The oolnmns vary in the number 
of angles from three to twelve, but have most eommonly 
from five to soven sides. They are divi<kd tnnaversely 
into joints, whose upper and lower surfaces are alternately 
ctmcave and convex, as is shown in figure 65, § 107. Thme 
joints vary in length and diameter, but from six to eightaen 
inches are Uta prevalent dimensions. The sar&ocs of these 
^82. 



segments ore so nicely adapted to each other, that neither 
between joints uor adjacent columns can a knife-blade be 
introduced; and yet each segment is completely dissevered 
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from the otheni, m that it may be lifted out of its pkee. 
The Cansewaj eztends under the sea. The neighboring 
headland seen at the left in Fig. 81, oonsiBta of alternations 
of basaltio eoiumns, with beds of ochre interposed. Ab the 
oehre ie worn awkj by atmoBpborie ^endee, the oolunuu 
are left nrntopported, and many of them have fallen to the 
base of the precipice. 

169. The Western lelaadB of Scotland eonnst almost 
exeltuively of bagaltie or trap rocks, which rise to Ukd 
height of one hnndred and fifty feet above the level of the 
ooean. The iele of StaSa is diBtingaished for ita basaltic 
idllars and oaves. The Scallop Cave, bo called beeanse tJie 
odes are formed of carved columns, extends one hundred 
and thirty feet into the rock, is thirty feet in height and 
twenty in breadth, at the entrance. But the principal 

nc-ss. 
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objecA of .iMracUon in this island is the Hnneal Gave, ta 
u it is mere oommonl; known b; its legendaiy name, 
Fiagaii Cave. This oavern is two kandred and twenty- 
fire feet in length, with an average height of uz^-fire 
feet; the bfeadth at the entnu)oe is a little more than fortj 
feet, and at its farthest recess is ahont twenty. The ndes 
are columnar and the roof ia partially so. The oolojnnB 
have been broken away in many places by the waves, pre- 
senting lateral recesses and jutting colonnades. 

170. Basftl- 
Uo columns are 
not always ver- 
tical; they are 
sometimcB hor- 
isontal, as is 
the cam with 
"the Chimney" 
in St. Helena 
wbieh is a por- 
tion of a trap 
dUce. In broad 



flat 



9 of 



basalt the pil- 
lars are upright 
while in a ver- 
tical dike they 
Ktt horizontal} 
and generally 
they are at right angles to the cooling sur&ces. 

Figure 85 represents curved colomns radia^ng from 
each side of a bank of basaltic oonglomerate. The basalt 
in contact with the bank exhibits no trace of columnar 
12* 
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Btructure ; but at a. little distance regular columiu appear, 
at first horizontal; after exUuding thus a few feet the; 
curve gradually upward and at twenty feet distuiae stand 
ueorl; vertical. 

Fin. 85. 



The columns are irom four to six aided, thirty feet king, 
«nd from one to four feet in diameter. The efFecta of heat 
upon the conglomerate are well marked. The molted 
basalt appears to have flowed over a small ridge of conglom- 
erate in a stream fifty feet thiok, and the forms and post* 
tion of the columns were determined by the varying sur- 
face.* 

171. The basaltic scenery of New South Wales delinea- 
ted by Profesaor Dana, rivals that of the Scottish Isles. 
Some of the basaltic ridgcB rise to the height of four thousand 
feet above the level of the sea ; and fissures or caves occur 
similar to those of Staffs. Figure 86 presents a view of 
the basaltic pillars at Kiama point. The sea enters througb 
the channel seen in the cut, which is twenty feet broad and 

'Prof. Dnoa, Geology of U, S. Exploring Expeditioii. 
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oghteen high ; odvoucing by a subtemnean puaage for ft 
distance of two hundred feet, it strikes agunst k w»U of 
baaaltio columns with deftfeiUDg nwr, uid rises through an 
orifice to the height of one bnadred feet This is called & 
blow-kote or ^xyut-hole. 

Fig. 86. 



172 Jfumerous examples of trap rooks and bnaltie 
pillars occur in the United States — as the "Piuisades" of the 
Hudson River, Titan's Piaiia on Mount Holyoke, East and 
West Koclts near New Haven, Conneotiont, Ac. Vertical 
dikes with horizontal pillars in Miune and HorUi Carolina 
present such regularity of figure and position as to haye in> 
duced the belief that they were products of human skilL 
Trap rocks are aseooiated with the metaliferous strata of Lake 
Superior and Colifoiaia, and successive rows of basaltio 
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oolamnSy oonsiitatiBg mountaiii masses occur in the yieinity 
oi the Golambia Eiver^ in Oregon. 

178. The colnmnar and globular structure so charaetei^ 
ktic of Yolcanic rocks, especially of basalt, early engaged 
the attention of Geologists and induced Mr. Gregory Watt 
to institute experiments in the year A. D. 1804 to ascer- 
tain its origin. He melted seven hundred poui|ds of basal- 
tic rock, in a reverberatory furnace. He was enabled to 
efifect its fusion with a less degree of heat than would have 
been required by an equal weight of pig-iron. When 
melted, it appeared as a dark, liquid, tenacious glass ; a 
portion of it taken out and allowed to cool rapidly, retained 
its vitreous appearance, resembling obsidian. The remain- 
der was left in the furnace, and occupied eight days in co<^- 
ing ; it was then cold externally, but still retained a consider- 
able degree of internal heat. The interior of the mass, 
which had cooled slowly, exhibited a great number of spheres, 
which as they enlarged pressed laterally against each other, 
until they were cemented into regular prisms, with seg- 
ments of alternate convex and concave surfaces. The ar- 
ticular structure and regular forms of basaltic columns 
seem therefore to have resulted from the crystalline ar- 
rangement of the particles while the rock slowly cooled 
undev pressure. 

174. The Feldspathio varieties of trap rocks, as trachyte, 
constitute the central or axial portions of mountains, while 
the exterior portions are composed of basalt } for instance, 
the summit of Mount Loa is clinkstone, while all its sides 
are basalt. This has been attributed to the difference in 
fusibility and specific gravity of the constituents, feldspar 
and augite. The temperature at which feldspar solidifies 
is sufficient to keep angite quite fluid. The augite also by 
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gradual cooling crystallizes and is converted into homblendoi. 
for these two minerals differ only in crystallization^ and that 
is determined by temperature and rate of cooling. 

VOLCANIC BOCKS. 

176. The term lava is applied to any rock which has 
flowed from a volcanic yent, but it is frequently restricted 
to the melted rocks erupted by active volcanoes or those 
recentiy extinct. The constituents of such lava are the 
same as those <^ the trap rocks, and we have felcUpaihic lava, 
and augttic lava, according to the predominance of cither 
of those ingredients ; but we do not find the compactness 
and crystalline structure so frequently exhibited, as in the 
older igneous rocks. Bapidity of cooling and difference of 
temperature and pressure, adequately account for the diver- 
sity of forms which igneous rocks present, while their con- 
stituents are essentially the same. 

176. Lava bursting through the sides of volcanic cones 
presents itself in dikes similar to trap dikes; columnar 
structure also is exhibited by them. 

When thoroughly melted lava cools rapidly, it resembles 
glass and is called volcanic glass, or obsidian ; it is usually 
of a dark smoky color. Its fracture presents bright sur- 
faces and sharp edges ; it has been used by the Mexicans 
for mirrors, and knives. Lava of less glassy structure, and 
of a pitch-like luster is called pitchstone. 

The cellular slaggy matter ejected from volcanoes is 
called scoria ; when it is composed of feldspar, it is porous 
and fibrous and is then called pumice. It is so light as to 
float upon water. Scoria and pumice are the frothy scum 
upon the surfiice of melted lava, and become very abundant 
when hot lava comes in contact with water. Minute par- 
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tides of lava, light cinders, sand, Ac., tbroira ont by nl- 
aaae ernptions, ore called vokanic athe*. These nutteruli 
cemented together constitute peperino and pozettolama. 
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177. The figure on the preceding page presents an ideal 
section of the Earth's Crust, exhibiting the order of 8acoe»- 
sion in the stratified rockS; and the relative positions of the 
unstratified. 



3, signifies the classification adopted by Dr. Buckland; 
and Jj, that of Mr. Ljell. 

1. Quaternary or modem de- b. 1. Granite and Qoarti Veins 
posits. in Granite. 

2. The deposits of the Terti- b. 2. Granite and Qoarti Veins 
aiy. intersecting the poiphTiy, 

8. The Chalk formation. gneiss, and mica slate. 

4. The Wealden. b. 8. Granite Vein passing into 

5. The Oolite. the transition rocks. 

6. The Idas. c. Greenstone dike of the tran- 

7. The Triassio system. sition period. 

8. The Carboniferous system. c. 1. Trap Dike intersecting a 

9. The Old Bed Sandstone. dike of porphyry. 

10. The Silurian. c. 2. Trap Dike of the Oolitio 

11. The Cambrian. period. 

12. Mica Slate. c. 8. Laya Dike of the Tolcanoes 
18. Gneiss. of the Tertiary period. 

14. Granitic Rocks. d. Laya of actiye Tolcanoes. 

15. Volcanic Rocks. e. Caye in the magnesian lime- 
a. 1. Porphyritic dike overly- stone. 

ing the gneiss. f. Metaliferous yeina. 

a. 2. Dike of Porphyry passing g. An extinct Tolcano. 

through the coal. h. An Artesian welL • 



CHAPTER V. 



THE STRATIFIED PEIMARY ROCKS. 

178. In describing the stratified rocks, we may begin 
with the most recent, in which the circnmstances of deposi- 
tion were very similar to those existing at the present time, 
and proceed to the most ancient strata whose origin was in 
a condition of nature widely different from the present, as 
regards both their mineral structure and fossil contents. 
But the chronological order appears to be more natural and 
satisfactory; commencing with the oldest strata, which are 
very widely extended, and more uniform in character, fol- 
lowing the succession exhibited in nature, the facts may be 
delineated in the order of their occurrence. A knowledge 

. of the phenomena of the older rocks is indispensable to a 
due appreciation of the characters of the more recent^ sinoe 
the latter are principally derived from the former. 

179. The primary stratified rock^ — ^the oldest sediment- 
ary deposits — ^are composed of the same minerals that con- 
stitute the plutonic, granitic rocks, upon which they lie, and 
by the abrasion of which they were produced. As a class 
they are silicious in mineral character, and crystalline in 
structure; exhibiting, however, a stratified arrangement. 
Their particles appear to have undergone less attrition, 
and subjection to a higher degree of heat than the more re- 
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Mnt gtrsta. No organic renuuns have been found in tiiem ; 
vegetables and animals either did not live upon tlie earth 
at the time of their deposition, or all traces of them 
hare been obliterated by the beat to whioh the rocka 
have been snhjecfed. Their thickneBs is Tariable, but 
nsnallj vcrj great; in some instances exceeding twenty 
miles. They are mora widely extended than any other class 
of strata, and where thej form the sorfaoe they present bold, 
mgged, and mountainoas outlines. Their order of super- 
position is not invariable; gneiss, however, usually lies 
directly upon the granite, and mica-slate succeeds. Thm 
class of rocka has been denominated metamorphie (§ 109.) 
Yeins and dikes of the igneous rocks, granite, porphyry, 
.«nd greenstone, with metaliferoua veins are freqnentlv 
found traversing ihem. 



180. The term gmiss — derived from a Saion Word Mg- 
nifying to sparkle — is applied to a crystallino a^regation of 
quartz, feldspar, and mica, distinctly stratified, in which the 
feldspar is leas abundant than in granite, and the quartz is 
in fine grains. The mica gives to the rock a glistening as- 
pect. Oneiss passes insensibly into granite, so that it is 
often difficult to say where the grnnlte terminates and the 
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gatim heffna. The laMiiue and strata tio luiully pantlM 
to sach otWr and to the surface of the igneous rook npm 
Thiob the; lie, bat freqneDtly exhibit remarkable oontor- 
tjons, indicatmg a jH^rioas state of great flezibilify. Dr. 
U'Cnlloch obaerros: "Imi^^tioa can scarcely coooeive 
an intricacy of flexure of which « resemblance conld sot be 
found in the gneiss of the Western Jdm of ScotUnd." 

Distinct crystals of feldq»ar are somedmcB found in 
gneiss; it is then termed porphyritic. When talc takes 
the place of mica, the rock ia called protogine. If horn- 
blende is added to the ordinary oonstitnente of gneiss, the 
rook is termed wyenitic. A section of ysg. gB. 

graphic granite parallel to its imper- 
fect lamiiue, fig. 89, dosely resem- i 
bles a transverse section of gDciss. 1 
181. Mka-elate differs Irom gneiss, ! 
in the absence of feldspar, the greater | 
predominance of mica, and the more I 
perfect slaty structure ; it often, how- 
erer, passes gradually into gneiss. Perfect crystals of gar- 
net and stanrotide sometimes occur in this rock in as large 
propoT^ons as eitber of its constituents, it b then denomina- 
ted gameti/erout and tlaurotidiferow. Mica-slate passes by 
insensible gradations into clay-slate, and into talcose-alate. 
182. Somblende-ilaU is composed principally of horn- 
blende', irith a Tariable qnaatity of feldspar, qnarti, and 
mica. When the hornblende and feldspar occur mixed in 
eqnal quantities the characters of the rock correspond with 
those of greenstone. Hornblende-slate occurs in all parts 
of the pimary series, bnt is most frequently assotnated with 
nuca-slate and clay-slate, into which it passes by imperoept- 
itde gradations. 
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188. The essential ingredient of takose-date is talo, 
whicH is sometimes pnre^ bat more frequently mixed witli 
feldspar^ quartz, and mica. Steatite or loap^cne is a va- 
riety of this rock in which talc greatly predominates, is of 
a grayish green color, greasy feel, and is easily cut. CMo^ 
riteslate is another variety, of a compact texture, and green 
color. Talcose>slate is it metaliferous rock, and frequently 
the repository of gold. 

184. Serpentine, as stated in § 164, occurs both as a 
stratified and unstratified rock ; in the former case exhibit- 
ing the characters of strata. As a metamorphic rock it is 
associated principally with talcose and hornblende slates. 

185. Primaiy limeMone, is a crystalline limestone, fre- 
quently pure white, and close grained, constituting the 
marble of sculpture ; but is sometimes compact, and dark- 
colored. It occurs in thick beds, and in thin leaves. It 
alternates with gneiss, mica-slate, and clay-slate, and then 
usually contains some crystals of mica, quartz, and feldspar. 
It has been found in syenite, hornblende, and granite, en- 
tirely destitute of any trace of stratification, and even some- 
times in the form of veins. 

186. Quartz rock occurs interstratified with each one 
of the primary rocks. When pure it is granular, crystal- 
line, with little or no tendency to divide in parallel beds ; 
but when mixed with feldspar, mica, hornblende, talc, or 
clay slate, it exhibits regular stratification. In some in- 
Btancee^it is eminently arenaceous — a mass of sand, exhi- 
biting mechanical structure, and apparently made to cohere 
by the heat to which it has been subjected. 

187. day-date, or argiUaceouB schist is a rock common 
to the metamorphic and fossiliferous series. It consists of 
a very fine mixture of mica or talc with quartz, a large pro- 
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portion of argillaceous matter, a little iron, and some of the 
alkaline earths. Its prevalent colors are bluish-black, green, 
purple, and mottled, often accompanied by a glossy luster. 
Some varieties of slate are soft, and easily worn away, while 
others are hard and splintery. The slate which is imme- 
diately in contact with trap or other igneous rocks, has lost 
its fisidle character having become flinty and changed its 
color. It often occurs interstratified with mica-slate and 
quartz rock, and in proportion to its nearness to granite or 
other igneous rocks, it is more highly glazed ; it passes 
gradually into talcose, hornblende, or mica slates. Passing 
in the other direction, its luster becoming more dull and its 
texture less compact, it is called shxde, and still farther up 
in the series it exhibits itself in beds of clay. Roofing- 
date is a fine grained variety, of a bluish-black or purple 
color, splitting into thin, even slates. Drawing slate is a 
finer and more compact variety, containing some carbon. 
The W^hetstone or hone slate is a fine-grained slate filled 
with minute grains of quartz, or grit. 

188. Slates exhibit the phenomena of cleavage and 
joints with greater distinctneas and regularity than any 
other rocks, and it is owing to this structure that they are 

Fig. 90. 




mm 



Parallel Planes of Clearage intersecting Cunrod Struts. 

capable of being split so evenly and extensively. Figure 
90 presents the cleavage planes preserving their parallelism 
through contorted strata, an I through alternations of fine- 
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grained and coarse'graiiicd states, independent of the dip 
of the strata, (§111.) 

Joints are distlDguiahed &om cleavage planes by the 
absence of all tendency in the rock to split between joints 
in a direction parallel to the joints, while the slate is capa- 
ble of indefinite subdivision in the direction of the cleavage 
planes. In Figure 91, the flat surfitccs, A b c, represent 
Fig. 91. 



eiposed faces of joints, to which the walls of other joints, 
J J, are parallel : S 3, are lines of stratification ; c C, are 
lines of slaty cleavage intersecting the planes of stratifica- 
tion at a considerable angle,* (§110.) 

189. The claj-alate is sometimes fossiliferous, especially 
as it occurs higher in the series. Anthraciu occurs in pri- 
mary limestone, mica elate and gneiss^ and Mr. Lyell sug- 
gests that it is altered coal, since we observe ooal in the 
vicinity of trap^iikes converted into anthracite. Graphite, 
plumbago or lla<-/c lead, which is nearly pure carbon, is 
found in clay-slate and gneiss, and is supposed by some 
geolo^ta to be ooal still fiirther changed by the action of 
heat. 

•Lyell's Elamenta. 



CHAPTER VI. 



TRANSITION OR PALiEOZOIC CLASS OP ROCKS. 

190. Th£ rocks of this class are characterized by their 
wide geographical difiusion, and great thickness, amounting 
to many thousand feet. They were originally designated 
Transition by Werner/ but are more appropriately termed 
palaeozoic, since they contain the most ancient forms of 
living beings. 

THE CAMBRIAN SYSTEM. 

191. The transition from the crystalline and non-fos- 
siliferous rocks, to the succeeding stratified fossiliferous, 
has been investigated in North Wales by Mr. Mnrchison 
and Prof. Sedgwick; hence the system is designated Cam- 
brian, from Cambria or Wales. The rocks of this system 
are of enormous thickness, and eminently argillaceous in 
composition, varying from the finest clay-slate to coarse 
conglomerates. The term grauwacke (grey-wacke) used 
by German miners to indicate a grey rock, has sometimes 
been applied to the predominant member of this system, 
and to the system itself, inappropriately, since greywacko 
is a general term applied to rocks of different geological 
periods. The system is subdivided into three groups, 
taking names from the localities in which they are de- 
veloped in Wales. 
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« 

CAMBRIAN STSIEM:— THICKNXSS AB017T NHOS THOUgAND nKR, 

PlyHliHUKHL Rocks — Slates, and conglomerates seyeral thoiuand 
feet thick* 

BsIa LilliestOlte— Adark limeatone, associated with slates, and oon- 
taining remains of corals, shells, and fishes. 

SlOWdOA Roeka — ^Flne grained, dark colored slates, and eonf^oiii- 
erates, with remains of marine plants, fucoids, shelLi and 
zoophytes, seyeral thousand feet in thickness. 

The propriety of separating these groups from the fol- 
lowing system — the Silurian — ^is questioned by some geolo* 
gists. 

THE SILURIAN STSTEM. 

192. The Silurian system — ^from tha Siluresj ancient 
Britons who inhabited Wales, where the rocks were first in* 
vestigated and the system established by Mr. Murchison—- 
embraces numerous rocks, consisting of sand, clay and 
limestone, abounding in organic remains, and giving clear 
indications of marine sedimentary origin. Some of the 
slates are very fine grained, while others are coarse con- 
glomerates. The limestones are frequently highly crystal- 
line. 

UPPBB SILTTBIAy-— ABOUT POTJB THOUSAND FEET THICK. 

The TUeStonC — ^Hard, finely laminated, greenish sandstones, with 
reddish shales; organic remains abundant 

The Upper LndloW Boek — ^Fine grained yellowish sandstones ; beds 
of argillaceous sandstones filled with sea weeds, zoophytes, 
and scales, fins, jaws, teeth, and coprolites of fishes. 

Tbe ipiestry UmestOne — a bluish gray limestone, mottled with 
white, containing numerous layers of shells and corals 

The Lower Ludlow formation — shales becoming sUghtly calcare* 
ous; sandy fiagstones. 
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T]l6 WenlOCk limestone — Concretions of argillaceous limestones 
separated from each other by beds of shale ; extremely fos- 
siliferous. 

The Wenloek Shale — Dark gray argillaceous beds, inth calcareous 
concretions ; remains of fishes. 

LOWBB SILUBIAN— ABOIJT THREE THOUSAND FIVE HUNDRED FEET 

THICK. 

The Caradoe Sandstone — Finely laminated, greenish, fossiliferous 
sandstones ; shelly limestones; remains of corals, moUusca, 
trilobites. 

The landeilO Flags — Hard, dark-colored, sandy flagstones, with 
beds of limestone; remains of trilobites, and mollusca 
abundant. 

193. Although the subdivisions of the Silurian sys- 
tem established by Mr. Murchison, as existing in Wales, 
are not recognised in the rocks of that period, in other 
parts of the world, a similar arrangement is discernible in 
them, and his system is the universal standard of reference 
in comparing them. Silurian rocks, with essentially the 
same mineral characters and fossil contents, are found in 
Bussia, Norway, Sweden, Asia, Africa and Australia. In 
North America, they are expanded on a scale of extent 
both lateral and vertical far -superior to that of the Welsh 
rocks. One group of beds of shales and limestones, sup- 
posed to be contemporaneous with the Ludlow series of 
Wales, occupies a surface of more than 10,000 square 
miles in the valley of the Ohio. The Central and Western 
districts of the State of New York present these rocks on 
a magnificent scale, as detailed in the geological survey of 
that State. Specimens of these rocks have also been ob- 
tained within the Arctlo Circle, and in Terra del Fuego. 

194. Great interest attaches to the fossils of the oldest 
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palwozoio rooks, botb becaiue they are the moat ancient 
forms of oTganiied beings of which we have ttay knowl- 
edge, and are veiy nnlike the present races. Bepreseata- 
tives of all the classes of the animal kingdom are found in 
them. Of the Tertobrata, fishes — Piacoids and Ganoids— 
only have been discovered. 

^■iloinCet are the principal representatives of the Cms- 
taoea, which are found in some localities heaped together 
in vast multitudes. These ftnitiml)! were of an oral figofe, 
protected bj a shield, cot- Rg. 62. 

ering the anterior parts of 
the body, while the ab- 
dominal portions consisted 
of segments, which ena- 
bled them to roll them- 
Belves into balls, BO as to 
present their hard crusts 
in all directions in self- 1 
defense, as do the lobster 
and woodlonse of the pre- 
sent day. Their organs 
ot locomotion, if any exist- 
ed, mnst have been small, 
meml»anaceous or rudi- 
mentary, since no distinct 
traces of them have yet 
been satisfactorily made 
out. They were destitute 
of antennffi. The back TiUoMte. 

presents two longitudinal furrows, dividing its snrfaoe 
into three hhet; hence the name Trilobite. Their eye« 
vhich nre in many speciinens perfectly preserved, giv- 
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ing VB aatae indiofttdonB at the oondition of the early 
seas in vMoh they lived, were otnnpoimd, oonsiatiag of t, 
great nomber of uigahur &^tos or leuMBj similar to the 
eye of the dragon fly, in which there are twenty-fire then- 
Hmd; and of the honse flj, in whioh there are foorteen 
thonsind ftgettes: the tiilobite had several hundreds. Is 
Kg. 9S. order to ext«nd the field of vision, rinee 

the eye was immovable, it was elevated 
above their bodies. The form of the 
eye was that of a frnstnm of a cone, in- 
complete on the aide opposite the oones- 
poudiag part of the other eye, enabling 
the animal to see in all direotjona hori- 
zontally, fim stmotnre of the eye indi- 
cates that light bore the same relations 
to vision then, as it now does, and that 
these animals lived in water snffioiMitly 
transparent to transmit light. " We find 
in these animals," says Dr. Buckland, 
" an optical instmmont of most onrions 
oonatrnction, adapted to produce viaon 
^■^thtTiUiiUta. of a partdonlar kind, created in the ful- 
ness of perfection, and fitted for the uses and condition (^ 
the class of creatoies to whioh this kind of ^ 

eye ever has been and still is appropriate." 
Trilobites vary from one to twenty inches in 
length. They were very abundant among 
the earliest inhabitants of the globe, and con- 
tinoed into the carboniferous period, after 
which DO trace of them is discerned. Two 
hundred and thirty species, under several 
genera of the family Trilobite, have been 
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dewsribed; of whiok the genus Oatymeney fig. 94^ is fomid 
in the Wenlock division of the Upper Silurian locks. 
-^ 195. Of the Mollosca^ the most numerous lepresenta- 
iiyes in the Silurian rooks belonged to the elasa Cephalo- 
poda (§ 147) including the AmmonUt and JVau^tM, and to 
the order Braehiopoda of the class Acephala. The latter 
inhabited bivalye shells, the valves of which, however, were 
not secured by a hinge, but were confined by a bundle of 
muscular fibres attached to one shell and passing through 
an aperture in the beak of the other; this gives to the inte- 
rior of the shell a peculiar appearance. Several hundred 
species of the Braehiopoda have been discovered in these 
rocks. Among them was the genus T&rehrai/ula ; created 
among the first, it has survived longer than any others, 
having several living species in the seas of the present day. 
The genera Lepixefaa, {JProducAa^ DeUhyriSf Orthis (Spirit 
yer,) and Pentamerus, belong to this period. 

The OrthocercOite (orthoB, straight; kerasj horn,) was a 
straight shell, divided into numerous chambers by septa or 
partitions, which were perforated so that a tube (siphunde) 
might communicate with all of them. 

Fig. 95. 







Orihooeratite. 

196. Of the Badiata of the Silurian period, the coral 
poljrps were the most numerous ; their fossils form a very 
large proportion of the whole mass of the limestones, crowd* 
ed together as are the corals of coral reefs in the existing 
oceans. The Chain-coral — Catenipora — ^is a beautiful ge- 
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niis . olmracteriBtio of the Upper Silurian beds. In ihd 
lowest beds, and among the earliest forms of life, are found 
great numbers of a fossil, called, from their markings upon 
the rocks, Ghraptolitesj supposed to have been zoophytes^ 

Fig. 96. 





GraptolithuB Murehisoni, 



Graptdlithus Lndensls. 

allied to the sea-pens which inhabit the muddy sediment of 
the deep waters of the existing oceans. The Qraptolites 
are not found in the limestones, but in the flags or slates 
of the Cambrian and Silurian rocks, and especially in a 
mud-stone, which indi- Fig. 97. 

cates tranquil deposi- 
tion. The Orinoid or 
EruyriniU family is rep- 
resented in this group 
of rocks, but was more 
folly developed at a later period. The fossils of the Silu- 
rian rocks indicate that they were deposited in deep seas, 
and in a temperature at least as high as that of the tropi- 
cal regions of the present period. Marine plants were 
abundant, but the existence of- land plants or animals at 
that period has not been established. 

197. The igneous rocks associated with the Cambrian 
and Silurian systems, are granite, porphyry, and greenstone, 
whose incursions have often given to the strata inclined and 
contorted positions. But the Silurian beds of Sweden are 
horizontal, and those of the State of New York are bat 
slightly inclined. 
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THE OLD BED SANDSTONE— DEVONIAN ST8TEM. 

198. This system, consisting of conglomerates, sand* 
stones, marls, and limestones, is intermediate in all respects 
between the Silurian and Carboniferous systems. The pre* 
valent color of the marls and sandstones--dull red — ^is due 
to the peroxide of iton. It is called the Old Bed Sand- 
stone, to distinguish it from the ^ew, which lies above the 
coal. It is extensively developed in Herefordshire and 
Devonshire in England, and in Scotland, where it has been 
fully investigated.^ Although the beds of Devonshire 
differ from those of Herefordshire and Scotland, in mineral 
and mechanical condition, the characters of their fossils 

* clearly show them to be contemporaneous with the Old 
Bed Sandstone of the other districts ; hence the system is 
sometimes called Devonian, 

199. Tabular arrangement of the English and Scottish 
members of the series : 

OLD BED SANDSTONE— ABOUT TEN TH0T7SAND XEBT THICK. 

XBTCHLAin). BCOTUXD, 

( Qoartzose Yellow Sandstone, \ 
Old Bed Conglomerate -< Impure Limestone, LUfpeb. 

( Gritty Red Sandstone. J 

Gomstone Gray fissile Sandstone. . . Middul 



Oorastoiies and Marl, < 



Red and rariegated Sand- 
stones, 
Bitiiminons Schists, 
Coarse gritty Sandstone, 
^ Great Conglomerate. 



Lowbe. 



In Scotland the base of the system is an extensive, thick 



♦ <« A New Walk in an Old Field— The Old Red Sandstone, by 
&ugh Miller, Bsq.,*' is a work by a man of self-taught genins, 
combining the accuracy of scientific research with the fascinations 
of romance. 

14 
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oonglomerate; this is succeeded by coarse red and yellow 
iandstones alternating with green and red marls; upon this 
lie very thick beds of calcareous^ micaceous and bituminous 
schistsy loaded with fossil ushes; and containing impressions 
of plants. 

The middle group, corresponding to the OomUone of 
England, consists of a bluish gray sandstone and beds oi 
fidable stratified clay, while the contemporaneous English 
beds are principally red and green marls. 

The upper part of the formation presents beds of sand- 
stone alternating with limestone barren of fossils, and con- 
taining masses of exceedingly hard chert. 

200. The subdivisions of the Devonian System, in Scot- 
land and England are local, but serve as standards of com- 
parison for the rocks of the same system in other parts of 
the world. They have been investigated as developed in 
Ireland, Belgium, and Eussia; and are known to exist in 
South America and Australia. In North America, their 
essential characteristics, mineral and organic, have been 
shown to be identical with those of the Scottish series; they 
are developed in the States of Pennsylvania and New York, 
and west of the Alleghanies, in some places from one thou- 
sand to fifteen hundred feet thick. 

201. The organic remains of this period are very pecu- 
liar, consisting of corals, molluscous and radiated animalSy 
not di£fering widely from those of the Silurian system ; but 
the vertebrate animals are here represented by a large num- 
ber of species of singular fishes, in many instances so well 
preserved as to exhibit their outlines distinctly. These 
fossil fishes are sometimes denominated ichtkyolites, (tchihtu 
a fish ; litJios a stone,) and although traces of them are dis- 
cerned in the Silurian rocks, their abundance and perfect 
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preservation in tlie Devonian system have rendered ^em 
characteristic of it. They belonged to the Ganoid and Pla* 
coid orders of fishes, (§ 149.) Of the eighty Ganoid spe- 
cies hitherto described, more than fifty belong exolusively 
to the Old Bed Sandstone formation. The Ghmoid fishes 
are covered with angular scales of bone, coated with enamel, 
which regularly arranged invest the whole animal. Many 
of these fishes, in the structure of their teeth and other pe- 
culiarities approximate the reptiles, and hence are called 
Sauroid. The Granoid species are nearly extinct ; the stur- 
geon and bony pike are, however, living representatives of 
the order. Another feature of the fishes of this period 

approximating ihem to the Saurian 

Tfitr Oft 

*• ^^^ff type, is the prolongation of the 

vertebral column into the caudal 
fin, producing a htUrocercal tail, 
as represented in figure 98. In all 
fishes of the existing seas, with the 
exception of the sturgeon, shark, and bony pike, the verte- 
bral column terminates at the point, 
from which the caudal fin is given ^ ^8« ^« 
off equally above and below, consti- 
tuting a homocercal tail, as exhib- 
ited in figure 99. All the fishes of 
the Palsdoioic period had unequally 
bilobate or heterocercal tails. 

202. The CephcUaspis was a fish, whose most striking 
feature was an enormous shield * forming the head ; hence 
the name (k^Tiaky head; aspts, shield.) This crescent- 
shaped buckler gave the animal the appearance of a trilo- 
bite, and the first discovered specimens were supposed to be 
crustaceous. The body was comparatively small, elon- 
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Fig. 102. 




204. The Coccoiteva reeembles the Pterichthys in general 
stmctnre and covering, but was destitute of ning-like appen- 
dages. It derives its name from the berry-like tubereleB 
which stud its enamelled bon; plates (kokkoi a berry ; oitean, 
a bone.) Ha head was large, covered with several plates, and 
attached to the body by small arluculatiug surfaces. The up- 
per part of the body was covered with one plate and the low- 
er part with four. The tail was much longer than the body 
and furnished with two fins. Many other genera belonging 
to this period have been described, among which may be 
named the EoloptJ/chw*, whose bony plates are more nomer- 
ons and smaller ; and the Osteolfpu, in which the bony plates 
become scales and the figure of the animal approximates 
that of existing fishes. Some of these attained a large size. 
205. The brachiopodous genera of shells, Terebratula, 
Orthia, Spirifer See., except the Kg. 103. 

PentameruB, of the Silurian pc- | 
riod are extended into that of the 1 
Old Red Sandstone. The corals 
Cj/aihopkylluTn and fitvosifet also 
are common to the two periods. 
The Favoutes consbted of a cong»- 
ries of diverging ascending lubes 
divided by lamellte and communi- VBiuitM poiTmorphk 
oadng with each other by lateral openings. Figure 104 - 
presents a polished sedion magnified to diow the interior 
14* 
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Kg. 104. Bta^ctore. The rooks of New York and Ohio 

Iabomid in specimeUB of this genua. The tri- 
lobites of the previons period reappear in the 
Sereniui, In Beveral species of which the 
Srmttet grew to the length of foor feet, and 
closely resembled the lobster, having similar 
tnberculated elaws. 

206. The plants of the Devonian period appear to have 
been mostly marine fucoids, which are bo nnmerons in some 
of the straty, that the elate beds owe their fissile oharacter 
to the layers of carbonated sea weeds. Ferns and plants 
allied to the I,epidodendra of the carboniferous period oo- 
eur; and Mr. Uiller has recently proved that Dicotyledon- 
ous gymnospennoiu plants with true woody fibre existed at 
that time.* 

207. The igneous rocks assodated with these strata, 
are principally varieties of the trap, wMcb have invaded 
and distorted many of the beds. At the close of the Devo- 
nian period, the tme granitic emptions appear to have ceased. 

THE CABBONIFEEOnS STSTSM. 
,208. The Carboniferoas system conusts of a widely ex- 
tended swies of foesiliferoofi limestones, alternating with 
sandstones and dark bituminons shales, containing beds of 
coal. The subdivisions of the system in England are rep- 
resented in the following table. 

CAKBONUTB&OnS BVSrEU. 

StmdBtone, Shale, and Coal, altcmaUiiK 

with beds of ola7 and ironatone. l^na 

planti in profouon. 
Umestone, with freab-watcT and marine 

shells. 

« Footprint! of the Creator, p. 222. 



THE OARBONIFXROUS STSfSM. 



les 



HiLLSTOiri 6bit, 
600 feet thick. 



Gabbonifebous, or 
Mountain Limb- 
8T0NB, 1800 feet 
thick. 



i Sandstone, Shale, and Conglomerate, 
Shale and thin seams of coal — coal plants. 

' limestone and flagstone abounding in cor- 
als and marine shells ; with layers and 
nodules of chert Ores of copper, sine, 
lead, barytes, and fluor spar. 
Limestone, with innumerable shells — tpiri- 
fer, gomatiU,^orthoceraUte, bdleropkon^ 

&C. 

Varieties of black, bluish gray, and yarie- 
gated marbles. 

This system of rocks is developed in Ireland, Franoe, 
Belgium; Spun, Russia, China, and America. 

209. The organic remains of this period are of marine, 
fresh-water, and terrestrial origin. Ichtkyolite^ — ^teeth, fins. 

Fig. 106. 




VossU Fish, Ohio. 

spines, scales and coprolites of fishes, as well as the entire 
fish ahound. The fishes helonged to the ganoid and placoid 
orders — sauroid — and in some instances, as in the Megal- 
ichthjs, were of gigantic size. 

Of the crustaceay the trilohites were still the principal 
representatives. Shell fish were very numerous and large; 
representatives of all the orders — ^multivalve and univalve, 
single-chambered and many chamhered occur aggregated in 
masses, as they lived gregariously. Among the bivalves 
ihe Terebratula, Spirifer, and Inoceramus ; and among uni- 
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TtJyee, the Goniatite, Orthooeratite, Bellerophon, Enomplk^ 
lus and Ammonite, were frequently recurring genera. 

rig, 106. A few Hpe- 

of Co- 
ma in' 
tieetleB, 

re been 



bmily, 
± the 
initeifl 
erAere 
abusd- 



, and 
goated 
I The 
polTpi 
exten- 
h. The 

of this period 
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are mcNitly confined to the lowest member of the f^stem— 
the carboniferous limestone^ in which they are estimated to 
form at least three-fourths of the whole mass. 

210. In the organic remains of the upper members of 
the system — ^the coa^-meonerea— ^he great abundance of 
vegetable fossils^ indicating a most luxuriant growth of land 
plantS; is the most striking feature. That coal is of vegeta- 
ble origin, is abundantly proved by the organic structure 
which can be seen in it with the aid of a microscope. The 
differences observed in coals may be due to their origin 
from different plants. The coal occurs in strata of sand- 
stones and shales, with intervening layers of ironstone and 
limestone, some of which appear to be of fresh-water, and some 
of marine origin. The beds of coal vary in thickness from the 
fraction of an inch to thirty feet ; in one of the English coal- 
fields their aggregate thickness is one hundred and fifty feet. 
The number of beds also varies, sometimes exceding one 
hundred ; the central beds are usually the thickest and purest. 
The coal-measures are often designated as hanns because 
they present themselves in troughs or basin-shaped cavities. 

211. The shales which underlie and overlie the beds 
of coal contain the best specimens of the coal plants, which 
occur between every succession of laminas. The newly 
exposed roof of a coal mine presents a beautiful display of 
interlacing stems and leaves. " The most elaborate imita- 
tions of living foliage on the painted ceilings of Italian 
palaces bear no comparison with the beauteous profusion of 
extinct vegetable forms, with which the galleries of these 
instructive coal>mines are overhung. The roof is covered 
as with a canopy of gorgeous tapestry, enriched with fes- 
toons of most graceful foliage flung in wild irregular pro- 
fusion over every portion of its surface. The effect is 
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heightened by the contrast of the ooal bLick color of these 
vegetables, with the light ground srork of the rock to which 
they are attached. The spectator feels transported, as if by 
enchantment into the forests of another world ; he beholds 
trees of form and character now unknown upon the surface 
of the earth, presented to his senses almost in the beauty 
and vigor of their primeval life } their scaly stems and bend- 
ing branches, with their delicate foliage^are all spread forUi 
before him, little impaired by the lapse of indefinite ages, and 
bearing faithful records of extinct systems of vegetation, which 
began and terminated in times of which these relics are the 
infallible historians. Such are the grand natural herbaiia, 
wherein these ancient remains of the vegetable kingdom are 
preserved in a state of integrity little short of their living per- 
fection, under conditions of our planet which exist no more."* 
212. Several hundred species of coal plants have been 
discovered which are allied in their generic characters to the 
ferns, canes, pines, cacti &c., but as species, became extinct 
before or at the close of the carboniferous period. The 
same species are mostly found in coal beds in Europe, Aus- 
tralia, the United States, and in Melville Island in 75*^ 
north latitude. The plants of the present period which 
most resemble the coal plants, live within the tropics, and 
are very^uch smaller than the corresponding members of 
the Flora of the carboniferous era. One of the most common 
fossils of the coal strata is the culamite, so called from its 
reed-like appearance. It was cylindrical, gradually tapering 
to a point, and frequently curved at the extremity ; ribbed 
or furrowed longitudinally, and surrounded at intervals by 
horizontal rings or articulations. It was a branching plant 
with a hollow stem, woody tissue, and distinct bark. It has 

* Dr. Backland's Bridgewater Treatise, p. 468. 



been supposed analogons to the eqajsetQat or horse-tul 
of the present day, but yms much larger, attaining tbi sice 
of fourteen inches diametei. 

213. The fronds Fig- 108. 

or leavea of the 
tree-fern preponder- 
ate over all other 
fossils in the shales 
and sandstones of 
the coal measores. 
Their trunks are 
marked with soars, 
r''iatrioea where the 
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frouds fell off as the trees advanced in growtli. More titan 
two hundred species of ferns Lave been found in the coal 

K»™. "™"™P»- r.,.m. 

Ireo ferns are 
conspicuous ob- 
jects in tiie pres- ■ 
ent flora of Aos- ^ 

tralia ; a recent 
* traTeler describes 
icof tbemnhicli 
rises to s, height 
of fifty feet, ex- 
hibiting a rich 
creat of fronds, 
end rivaliog even 
the princely palm-tree in beanty. The ferns are Tascnlar 
cryptogawouB plants, having their organs of fructdScataon. 
on their leaves, as seen on the leaves of the polypody or 
the brake. Moisture and a wann climate are fovorable to 
their development. The nnmes of the numerous fossil gen- 
en of ferns are derived from pterii, a fern, to which is pre- 
Fig. 111. fixed a term indicative of some pecn- 

liarity, as Lonchopleris (speaj leafed 
fern,) Sphenopterw (wedge leafed fern,) 
Pachypteris (the thioli fern,) &c. 

214. Two genera of lofty forest trees 
appear to have contributed to the for- 
mation of coal in large proportioD. One 
of these, the Lepidodendron, (Itpidot a 
scale; dendnm, a tree,) was a branch- 
ing tree forty or fifty feet in length, and 
four feet in diameter. Narrow sharp 
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pointed leavefl ore found at- 
tsclied to it, and goaly cones 
ooonr with it vhich are anp- 
posed to be its seeds. This 
tree is regarded by botan- 
ists as intermediate between 
the Oonifene and the Lyco- 
podiaoeffi or clab-mosseB. 

215. The other genns 
SiffiUaria, (S^Htum, a 
seal,) vas charftoteriEed by 



ST8TEU. 
Fig. 112. 



Lepldodendna SlcnibcrcU. 

elegant flutings irith 
rows of By m metri- 
cal scars or impres- 
sions, disposed with 
such regularity, as 
sometimes to have 
induced the belief 
^ that they were en- 
/ graved stones. These 
sigilla are scars left 
in the bark by the se- 
paration of the leaves 
from the stem or the 
trunk. These trees 
are usually found iu 
a horiEontal position 
and much flattened 
by the pressure to 
which they have been 
Bubjeoted, but are oo- 
casioually found erect 
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with tbtax roots in the soil in the pcwitioius in which th^ 
pw, ftnd thdr i^lindricsl fomu an tiien preeerred. 
Tbe Si^lluiA grew mij feet in length, and five feet in 
diameter, gradnallj tapering toward the eommit. The 
bark, which is eometiinefl an inch thick, is frequently 
oonTerted into coal, while Hie interior is sandstone ot 
shale. Tbe fossils called St^marue (^Stigma, & marie,) 
formerly snp- ^f. ill. 

posed to consti* 
tnte a separate 
geuns of plants, 
are now shown 
to be the roots 
of the SigUla- . 



of die Si^lls^ 
lia has been 
finind in Eng- 
land in an up- 
right pofdtion. 

Fig. 114, with """^ 

ite roots still attached and extending in their nfttnral direo- 
tioiB. These stigmariw are nsually fonnd upon the olay 
beneath the eoti beds. 

218. The fosnl tmnks of trees are found in many in- 
stances, erect or indiited in the ooal-hearing strata. Tbe 
mine of Bt. Etienne, in Fiance, exhibits nomerous vertical 
stems tnversiug all its strata appearing like a forest of 
plants petrified where they grew. - In the Cnugleith qniury 
near Ediubmrgh, a coniferous tree fifty-nine feet long was 
found lying at an angle of forty degrees, and traversing 
ten or twelve sandstone strata. This wonid seem to have 
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been due to sodden Bubeidence ^8- l ^S. 

or inandation, by whicb the sand 
and mnd were brongbt over tbe 
trees ; or in tbe casea of inctined 
stems, tbe greater veigbt of the 
roots maj bave brought tbcm 
in tbat position into the sedi- 
ment of the water in wbicb they 
floated, as tbe snags of the Mis- 
usuppi are known to work their 
way many feet into the bed of 
the river. 

217. The origin of the buc- 
oession of coal-beds with Ihoir 
u)t«rTeiung strata, is not yet 
satjs&otorily aseertuned. Some 
geologists suppose that dense ^n i-r^ - 

forests and peat-bogs subsiding beneath the water, were OOT- 
ered with the mnd and sand, which constitute the shale and 
sandstone strata over the coal ; the land rising again and ao- 
cumnlating vegetable growth, was again submerged — a sub- 
mergence and eleTation oeoarring for each bed of coal. The 
number of alternations thus required renders this mode very 
improbable. Another mode of accounting for the phenom- 
ena attributes the coal strata to succesuve deposits of sand, 
mud, and vegetables made by rivers in lakes or estuaries, in 
accordance with the specific gravity of the materials. This 
mode of aotioa is supposed to be illnstrated on a small scale 
in the deltas of our large rivers, as the Hisdamppi sad 
Ganges, where immense rafts of vegetable matter are inves- 
ted by the ult of the rivers, especially during inundations. 
The perfect state of preserration of many very frail plants of 
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Qui Flon. 

the cool Btrata however, eecms hardly consistent with anoh 
violent uctioD. 

218. The igneous rocks inv&ding the oarhoniferoiu 
strata are trap rock &nd metaliferoas veins. The trap is 
osQiilI; dark colored, presendng itself in dikes, and flattened 
masses resembling strata, appeRring to have been erupted 
at the bottom of pj„ ^^^ 

an ocean. The 
variety of trap 
called loadstone, 
is abundiLot iii 
the carboaiferous 
limeBtone with an 
aggregate thick- 
ness in some pla- 
ces of one hun- 
bed and eighty feet. The dislocations of th; coal 
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by trap dikes ure illustrated by Fig. 117, in which the two 
parts a and c of a coal bed are rent asunder by the dike by 
and the strata on the side a cast up two hundred and sev- 
enty feet. The texture of the rocks adjacent to the dike 
has also been changed by its heat. The coal-beds of Bel- 
gium have been thrown into a zigzag form over an exten- 
sive district, giving rise to an apparent multiplication of the 
beds; these ^Hroubles/' however, sometimes render the 
coal more accessible. 

The carboniferous limestone of this system, is designated 
metaliferous : it is the great repository of lead ore — ^galena, 
or sulphuret of lead ; iron also abounds in the system. 

The rocks of this series often contain petrokum, or min- 
eral pitch, which consists of bituminous matter driven out 
from the coal by subterranean heat; springs or wells of 
it exist in many localities. 

THE PERMIAN SYSTEM. 

219. The name Permian Si/stem has been applied by 
Mr. Murchison to a fossiliferous series of rocks, which are 
most perfectly exhibited in Permia extending over a district 
of 700 miles in length by 400 in breadth, in Kussia between 
the Ural mountains and the Kiver Volga. They occupy 
an intermediate geological position between the Carbonif- 
erous and Triassic systems ; and consist of magnesian lime- 
stones, marls, red and green sandstones, with beds of gypsum 
and rock salt. Their fossil contents animal and vegetable 
resemble those of the carboniferous period. The subdivi- 
sions of the system in England are : — 

PERMIAN SYSTEM— NINE HUNDRED FEET THICK. 

' Gray thin-bedded limestone, 
Maonssian Lihsstonb Bed Marl and Gjpsmn, 

Series. " Magnesian limestone and Magnesian oon* 

glomerate. 

15* 
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- -KT n CI ( Marly beds, with tldn bands of 

Lown New E«d Sakdstone N ^^^^^^ ^^^ ^j^^^y limestone, 

bBRiES. ^ Lower new red sandstone. 

These rocks are developed in France^ aud more distinct- 
ly in Germany, where they have been thoroughly investi- 
gated, and classified. The upper or Magnesian member of the 
series the Germans designate JSech^steinr-^mne stone — firom 
its containing copper ore ; and the lower sandstone^ they 
call rothe-todte-liegende — ^red-dead-lier, because it is of a 
red color, is dcadj producing no metal,v and underlies the 
^etaliferous deposit. 

220. The lower new red sandstone is closely allied to the 
upper coal measures, containing some of the same species of 
extinct vegetables. In mineral composition it di£fers in 
being more highly charged with the oxide of iron. The re- 
mains of fishes are found in it, and in some of the marly 
beds in such quantities as to render them bituminous and 
fetid. The characteristic member of this system is the 
magnesian limestone, which consists of the carbonate of lime 
and the carbonate of magnesia in different proportions ; the 
rock is also called dolomite. It occurs usually laminated, 
but presents some remarkable instances oT concretionary 
structure, sometimes in great masses, which resemble 
piles of cannon balls. The dolomite is comparatively des- 
titute of fossils, while other limestones of the system 
abound with them. This is the only instance in which an 
extensive limestone deposit has been so largely charged 
with magnesia, nor is its origin in this case easily account- 
ed for ; some geologists infer from the structure of the rock 
and other phenomena, that the magnesia, was infused, in 
the state of liquid or vcpor, into the limestone after its de- 
position. 
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The preYftiling ske of the species of fishes found in this 
formation indioates a diminution from that of oarlier pe- 
riods ; but the most remarkable palsBontological feature of 
this epoch is the appeuranoe of reptileSi five species of which 
haye been recognized. 



^^ 



CHAPTER VII. 



ROCKS OF THE SECONDARY PERIOD. 

221. At the close of the palaeozoic epoch; a new era oc- 
curs in the history of the globe, marked by violent disloca- 
tions of the strata then deposited, depression of extensive 
portions of the earth's surface beneath the level of the sea, 
obliteration of races of plants and animals, and the substi- 
tution of others in their places. The class of formations 
which succeeded — the secondary — ^is well developed in 
England and on the Continent of Europe in five distinct 
systems, but is only partially represented in America, Asia, 
taxd Australia, as far as is yet ascertained. 

THE TRIASSIC SYSTEM. 

222. This system is denominated the Upper New Red 
Sandstone in England, but is called the Trias on the Con- 
tinent of Europe, from its appearing in three distinct and 
well marked formations. They have been investigated 
principally in Germany and France. The following are 
the subdivisions in Germany, England and France. 

TBIAS. 

BZfOLAlR>. OXEHAirr. VEANCS. 

Saliferous Marls and ^ tr ««- . . 

Sandstones. / Ke^P®^- Mames inseea. 

Deficient Musohelkalk. Muschelkalk. 

Sandstone and quart-) -o * « , ^ . i-i v 

wseconglomerate. | ^^*«'' Sandstein. Gres bigarre. 
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The Bunttr (variegated) Sandstein is a fine-grained 
sandstone^ usually of a red color^ but sometimes bine, green, 
or white, and contains some fossil plants and marine shells. 
The Muschelkalk (mussel-chalk) is a gray or greenish 
compact limestone, containing the remains of fishes, radia* 
ted animab, and shells in great abundance : some parts of 
it are highly charged with animal bitom^. 

The Keuper consists of fine-grained sandstones, and 
marls of various colors, gray, red, blue, and green, with 
abundance of rock-salt and gypsum, and few animal re- 
mains. 

223. The fossil plants of this period "were /em» — ^in 
which even the fructification has been preserved — equtseta, 
conifersBf and e^cadess. 

Fossil fishes found in the rocks below the trias, are fur- 
nished >fith heteroceroal tails ; in the triassic period those 
with t^oix^oce^cal tails were introduced and have continued 
to predominate to the present day. The JUly-Ihusrintie 
Fig. 118. occurs in the muschelkalk in a beautifiil 
state of preservation. It belongs to the 
family of Crinoidea, which are found in 
great numbers in the rooks from the Si- 
lurian system upward. These animals 
had long jointed stems, attached at their 
bases to the rocks, supporting a cup- 
shaped cavity, formed by calcareous 
plates closely fitting each other. This 
cup contained the viscera of the animal; 
from its margin rose several arms, sub- 
dividing into branches frumished on the 
inside with numerous cirri or feelers. 
LflyBnoinito. This skeleton was covere'd by soft parts; 
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the month vaa sitoated over the oeater of the cap. The 
nvmber of bonoB beloug^g to a single indi7idnftl unonnted 
t« one hundred and fifty thouaand. Theso arc found eome- 
tunea attached, forming a perfect skeleton, but more frc- 
qnentlj separate; portions of the stems are called ertiro- 
Fiff 119 chitei, icreie-ibmeg, pulley-atones, 

and in the north of England, 
/airy »Ume* and St. OuAberft 
bead*. The Btem of the Enori- 
nite is circular, while that of 
the PcDtacrinite is pent^onaL 
The Cyathooiinite (onjv-like En- 
OTinit«) was a genus of remarka- 
bly light and elegant appearance 
found principally in the Silu- 
rian, Devonian and Carbonifer- 
ous Itmoslones. The Pentaori- 
nite is exhibited in Figure lOS, 



224. Septiles are found in such ntunbers in the aecon- 
daiy rooks, that tLe period of their depoution has been 
called the age of reptUe*, (§152, II.) More than thirtj 
nev genera have been added to the class by the study 
of the fossil forms. Reptiles were formerly described 
nnder two orders, distinguished by the presence or ab- 
sence of external feet. The variety and peculiarities of 
the fossil species render a. new arrangement of the mem- 
bers of the class indispensable. The classification pro- 
posed by Professor Owen is admirably adapted to its pur- 
pose, including in natural groups all known species, fossil 
and recent. 
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II 



7. Ophidia (Serpents.) 

8. Batrachia (Frogs, &c.) 



Glass m, Rxfqua. FoumdfottU in, 

Ososs 1. Dinosauria (Land Sanrians.) Oolite, Wealden. 

" 2. Enaliosauria (Marine SaurianB.) Muschelkalk, Lias, Oo« 

lite, Wealden, Chalk. 

« 

8. Crocodilia (Crocodiles, &c.) Lias, Oolite, Wealden, 

Chalk, Tertiary. 

4. Lacertilia (Lizards.) Magnesian Limestone, 

New Bed Sandstone, 
Chalk. 

6. Pterosanria (Flying Saurians.) Lias, Oolite, Wealden. 

6. Chelonia (Tortoises, &c.) Oolite, New Red Sand- 
stone, Wealden, Ter- 
tiary, Chalk. 

Tertiary. 

New Red Sandstone, 
Tertiary. 

The reptiles of the Triassic period were of 
the second order, Marine Saurians ; of the 
fourth order, Lizards— the Rhynchx^saurus, so 
called from its head resembling the beak of a 
bird, and the DicynodoUf having only two teeth, 
which were canine j and of the eighth order, 
Frogs. 

225. Peculiar markings, bearing striking re- 
semblance in form and relative positions to tracks 
made by animals in walking, have long since been 
observed in the rocks of this period. In 1834, an 
account was published of some of these observed 
in the Bunter Sandstein, in Saxony. They re- 
sembled the imprint made by a human hand upon 
any plastic substance, as represented in the ad- 
joining figure. It was proposed to call the animal( 
that made the track, Cheirotherium (Cheir, the 
hand; iherion^ beast.) No bones were then identified 
as belonging to this animal, its existence being inferred 
from its tracks alone. The dimensions of the tracks are 
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tarious, and those made by the hind feet are always much 
larger than those of the fore feet ; in some instances twice 
as large. The posterior extremities of the animal appear 
to have been larger and longer than the anterior. Some 
fragments of skeletons have since been fonnd in the rock 
with the tracks, which enable Professor Owen to establish 
a genus of the Batrachian order x>f reptiles, including 
several species frequenting the sea shore at the time of 
deposition of the New Red Sandstone. The jaws were 
famished with at least a hundred teeth on each side, di- 
minishing in size from the middle to the extremities ; in 
this respect resembling those of the crocodile. An outline 
of the animal, as restored by Professor Owen, is presented 
in Figure 121. As a section of a tooth exhibits, by the 

Fig. 121. 




labyzinthodon Pftcbygnathnfl. 

aid of a microscope, labyrinthine convolutions, the animal 
is called the Lahyrintkodon. The tracks of tortoises and 
crustaceous animals have also been observed in these rocks, 
and traced in some instances twenty and thirty feet. These 
fossil foot-prints are called ichnolites {ichney track ; lithos^ 
stone.) 

226. Numerous remarkable tridactyle impressions have 
been discovered in the sandstone of the Connecticut Val- 
ley in Massachusetts, which are universally supposed to be 

16 
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the tracks of biped animals imprinted on the rocks when 
they were in a soft, forming state. Some specimens ex- 
hibit very clearly the character of the foot, its rows of 
joints, claws and integuments. The best impres^ons are 
in fine shale, which is incrusted with micaceous sandstone ; 
the surfaces of the split strata are counterparts of each 
other; the shales exhibiting the tracks as moulds, and 
the sandstone as casts in relief. The animals which made 
these tracks are supposed to have been birds, though none 
of their bones have yet been found in these strata. Presi- 
dent Hitchcock distinguishes more than thirty species by 
differences in the tracks. They are of various sizes; 
some as small as our sparrows, while some made a track 
fifteen inches long, exceeding by five inches the track of 
the African ostrich. The length of the stride of these 
largest species was from four to six feet. The doubts 
formerly entertained respecting these Omithicnites have 
been dissipated by the discovery, in the alluvial deposits 
of New Zealand, of the skeletons of wingless birds as 
large as those to which the tracks in the New E«d Sand- 
stone are assigned, (§301.) These bird tracks have been 
presented in Figure 69, § 126. 

227. The rocks of this period seem to have been espe- 
cially fitted to perpetuate impressions : the ripple marks on 
them are very distinct ; but, what is more remarkable, their 
surfaces often present a pitted appearance, dotted with 
little hemispherical eminences or depressions which are 
attributed to rain-drops. These are sometimes elongated, 
as if the drops were driven by the wind in an oblique 
direction. President Hitchcock remarks, "It is a most 
interesting thought, that while millions of men, who have 
striven hard to transmit some trace of their existence to 
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188 



fittim generatioiiH, 
li&Te stmk into ntter 
oblivion, tlio simple 
footsteps of animab 
that existed thon- 
sands, nay, tens of 
thousands of years 
ago, should remain 
as &esh and dis- 
tinct as if yester- 
day impresBed: even 
thongh nearly eve- 
ry other vestige of i 
their existence has 
vanished : nay, still 
more strange is it 
that even the pat- 
tering of a shower A^ootpiliitHidlmiirHiIaucfRaladKifa. 

at that distant period, should have left marks equally 
distinct, and registered with infallible certainty, the direc- 
tion of the wind ! " 

228. The origin of rock ialt in masses, is uso&lly 
ascribed to the evaporation of the water in brine springs, 
or portions of the sea isolated and exposed to a high tem- 
perature. The salt is in each circumstances precipitated, 
and accnmulates, as is seen in tlie Great Salt Lake, the 
Dead and Caspian seas, and the lakes of nortbcm Africa 
and Arabia. Some phenomena of salt beds, however, 
indicate a connection with volcanic agency. Salt ia not 
confined to the saliferocs deposits of the New Bed Sand- 
stone, but is fonnd in the carboniferous, oolitic, and tertiary 
rocks. 
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THE LIASSIC SYSTEM. 

229. The Litu conBiste of Btrat* mostly argillaceous; 
bnt having a large quantity of calcareotis matter also, it 
embraoea many bands of afgillaceons limeetaneB. Somo 
beds i^ mariy Bandatones alternate witli the clays and lime- 
stones. The term lias is probably a corruption of layen, 
allnding to the riband-lite appearanoe which a eectiwi of 
the rocks of the system presents. This system of roclcs is 
developed in England, and oa the contineat of Europe, in 
France, SwitEcrland, and Gremmny ; it is supposed to exist 
also in Asia and South America, but it is doubtful whether 
tliere at>e any of its deposits in ^orth America. Its sabdi- 
visions are i 

Dpptr Lial or ilniO Shale— son thalw ex- 
tremely foBBiliferoug, Jet and bitumisiied 
wood, hard shales. 

MirUtODC — colored calcareous claja and sauda, 
"iSj impure limestone. 

<00 feet tMok. Uvet Liai Shale— oalesreons flagitonu, lamin. 
ated dark-colored shales. 

LOWCE Liu — a thin bed, of argillaoeooa lime- 
stone, conluniug numerous fos^ fishes; 
sometimes pas^g into Bandstone. 

230. The Lias formation is surpassingly rich in fossils, 
embracing representatives of all the great natural families. 
The Corals are few and small, but the Crinotdea were ex- 
ceedingly abundant; whole beds arc made up of Peniacri- 
ntlet, so perfectly preserved that their minutest anatomical 
structure is diaaemible. These 

animals are supposed to have . 

had the power of attaching and I 

detaching themselves at will ; ' 

large masses of them are found 

attached to the fossil wood of 

this period. Binke ihell-fish om.i«. i™™. 



are very unmerous, some of witich ure characteriatio of the 
formatioD, and others of particular beds ; one of the marly 
limestone beds is called the GryphiU lAmestone, from the 
great abundance of the peculiar fossil Gryphsea incvrva, 
Fig. 123. The Terebratulee were still continued, and the 
genua Spiri/er, which however terminates its esiatence in 
this formation, being found in no newer rook. 

231. The Ammonite, though earlj introduced in the 
strata, appears at this period to have been/greatly expand- 
ed; more than seventy species of the^geaus have been 
found in the IJritish Lias. It wasaoiiiiTalTe, many cham- 
bered shell, whose inhab itant _ ,-^ ™ j^^^ 
belonged to the order Cepha- 
lopoda. It was allied to the 

Nautilus, which resides in the 
outer apartment of its shell, 
commuuicating with the inte- 
rior chambers by means of a 
tube — sipbuacle — and is sup- 
posed to rise and £ill through 
great depths of water, dimin- 
ishing or increasing its specific 
gravity by withdrawing or injecting water into the internal 
cavity. As the shells of the Ammonite were thin, they 
were often strengthened by ribs and tubercles. They vary 
in Mze from half an inch to fonr feet in diameter. 

232. The BeUmnite, (so called from its resemblance 
to a dart,) occurs very perfectly preserved in the Lias, 
Oolitic, and Chalk rocks. It consists of a calcareous, cylin- 
drical or, conical shell, pointed at one extremity, and ter- 
minating at the other in thin conical chambers. Some 
specimens are small, amber-colored, and transparent; while 

16* 
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others &re op&ke, ten or tTelve inohea loDg, and four 
inches in ciroumference. The animal pig. 125. 

belonged to the Cephalopoda, was 
allied tf tlie Cuttlefish, and was fur- 
nished iritli an ink-bag. The shell, 
(Fig. 125,) was, like the pen. of the 
Cuttlefish, internal. The ink-hag and 
its contents have been found fossil, 
and a pigment, indta ink, has been 
prepared from them poBseasing all 
the properties of the ink prepared 
from the recent Sepia. The soft parts 
of the animal are in many instances 
so well preserved, that its form and 
structure are discernible. Its eyes 
were large and prominent, and ite 
horny beak powerful. Its habita 
were probably, like those of the family of the present day, 
cstremely voracious. 

2S3. Fishes and Reptiles were the representatiTes of 
the Yertebrata at this period; of the former more than 
sixty species have been discovered in the Lias of England, 
belonging almost exclusively to the O«noid and Plaooid 
orders, and all of them extinct. Kumeroos fossil spines, 
or bony rays of the dorsal fins of extinct cartilaginous fishes 
are found in the Lias rocks, detached and isolated ; they 
•re called IchthyodonUitex. They were not articulated to 
the vertebne, hut deeply implanted in the flesh. Some of 
the existing species of shark are provided with the same 
bony ray, giving to the dorsid fin greater force and prein- 
■ion in its motions. 

234. The Reptiles of the Liassic j>eriod belong to tiia 
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nurine order — ED&liosaiiria — find are prinoipally oon&DOd 
to two genera, Ichthyotavrui and Fietioiaunti. 

The IchthyoBauruB, or fi^ih-liiard — eo called becaiUM it 
oomlnnes in ita stenotnre the featnres of the fish with those 
of the reptile — resembled the Grampus or Porpoise in 
figure, with a mneh larger head and a long tail expanded 

Fig. 126. 



Terticalljr, as are those of true fishes. It was covered with 
a tongh skin, like that of the whale, deetitnte of scales. 
The orbit of the eye was nnnaually large — in some speci- 
mens eighteen iDches in diameter — and enclosed a series 
of bony plates, enabling the eye to adjust itself to difierent 
diatanceB, and varying intensities of light; an analc^ns 



Htad of IchthjoiHInu. 

steootore is exhibited by the eyes of turtles, liiards, and 
espeoially of the owl. The teeth were conical, like those 
of the crouodila, and very numerous, amoouting in some 
apedes to two huudred; la some large individuals the 
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opening of the jaws exceeded seven feet. Its organs of 
locomotion were four paddles composed of numerous bones, 
surrounded by rays of true fins; the anterior pair were 
based upon a firm breast bone^ which enabled the animal 
to give rapidity and precision to its motions. The form 
and arrangement of its vertebrae, which were in some spe- 
cies one hundred and forty in number, were like those of 
fishes. Some individuals attained a length of forty feet. 
They were carnivorous, as is shown by their teeth, as well 
as by the contents of their stomachs which have been found 
in a few instances preserved. 

235. The Plesiosaurus {plesian, near; BaumSf reptile,) 
approached more nearly the true reptiles in structure. Its 

Fig. 128. 




Plesiosaanifl. 

head, which resembled that of a lizard, was very small; its 
paddles were relatively longer than those of the Ichthyo- 
saurus, and its tail was like that of the crocodile. The 
most remarkable peculiarity exhibited by this animal was 
the inordinate length of its neck. Animals have usually 
not more than five cervical vertebras ; the swan has twenty* 
four, while the Plesiosaurus had from thirty to forty. The 
animal seems to have been fitted for rapid motion. It 
attained a large size ; a perfect specimen has been obtained 
seventeen feet long, and fragments of larger skeletons have 
been found. Numerous species of the Ichthyosaurus and 
Plesiosaurus have been found in the rocks from the mus- 
ohelkalk to the chalk. 
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236. Beds oijet, resembling cannel-coal but harder and 
more lostrous, are found in the Upper Lias, together with 
large firagments of bituminized wood of coniferous trees and 
Ojoade». 

THE OOLITIC STSTEM. 

237. The Oolite is a marine formation of great extent 
and thickness^ consisting principally of alternations of 
limestones and clays, embracing vegetable remains, and 
very numerous corals, shells, fishes and reptiles; insects 
and mammalia also are found in it. The Oolite derives 
its name (Oon, an egg; lithosy a stone,) from the fact that 
some of its beds consist of calcareous globules which resem- 
ble the roe of a fish ; but this structure is not strictly char- 
acteristic of it. This system is developed in Great Britain 
and on the Continent of Europe, in France and Germany, 
(called the Jurassic series,) in Bussia, India and America. 
Its subdivisions in England are : 



UfpulOolitb. * 



Portl&Bd Beds— limestone of an oolitio stnio- 
ture, abounding with marine shells, ammon- 
ites, &c. 

Kinuneridge Clay— bine and yellow clay with 
septaria, gypsum, marine shells. and beds of 
lignite or Eimmeridge coal. 



Minnu OoLiTB. 



' Coral Oolite or Coral Bag— coarse Umestone 
full of corals and shells — ^beds of yellow sands 
and calcareous grits. 

Oxford Clay-^ark blue clay with septaria and 
numerous fossils — beds of calcareous sand- 
stone. 
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LowBB Oolite. 



' Conibnidl — coaiae gimy limestond sepatated 
by beds of clay. 

Forest Marble— sand, with thin fissile limestone 
and coarse shelly oeHte.- ■ % 

Crest Oolite — ooUtio limestone and thMstone, 
with beds of clay, and remains oif reptiles, 
corals, &c. 

Btoneifield Slate— oolitic limestone, with re- 
mains of land animals, plants, insects, and 
mammalia. . ; 

Fnllefft Earth BedS-r-marls and clays contain- 
lag foller's ^rth. 

Inferior Mtte— coarse bBtestone, ftranzginoiia 

sand with shells. . . 

238. The altematioDs of limestones with clays and 
shales, displayed by the Oolitic series, give rise to peculiar 
features of outline in parts of England and France. Three 
successive ridges are the hard calcareous beds of the Lower, 
Middle and Upper Oolites, while the intervening plains 
and vallies consist of cla^s and shales. 

Lower OAik, Mid. OoUte. Ujpper OdUts. Chalk. JLeUip 




Lias. Ozfittdday. Kim. Clay. Qaott 

239. The organic remains of the Oolite are numerous 
and varied, as might be expected from the variety of miii- 
end constitution of the strata. 

The corals occur chiefly in the Middle Oolite; the 
coral rag consists of an extensive coral reef thirty or forty 
feet thick, composed mostly of a few genera, some of which, 
as the Garyophyllia^ are represented by species in the pre- 
sent seas. 

Among the Crinoidea, the Pear Encrinite — ^Apiocrinites 
— rsimilar in structure to the Lily Encrinite, grew abund- 
andiy, attached to rocks. 

The Sea Urchins — Echini — ^were also numerous. 
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Of the molliisoa, the biv&iTe Aoephaloas wore very abun- 
dant ; some beds are almost en- Fig. 129. 
lirelj made np of their remains. 
The Trigonia Coatata, Fig. 129, 
aboonded in the Oxford CUy. 
Ammonites and BclemniteB were 1 
as common as in the Liaasic pe- 
riod. Irlgonim GatkU. 

Cmstacea appear in the Oolite with forms closely allied 
to those of the present day. Figure 130 presents an ani- 
mal resembling the Lobster, found in the Oolitic clay. 
Kg. 180. 



Insects also are found, some of which very closely resem- 
bling the common Dragon-fly, are so perfectly preserved 
that the most delicate markings, and the nerves of the 
wings are distinctly discernible. 

240. Of the vertebrate animals, fishes are found in 
abundance throughout the aeries, belonging mostly to the 
ganoid order. The Ichthyosaurus and Flesiosaaros, so 
abundant in the Lias, extend throagh the Oolite ; and other 
eaurians of giguitic size are found in these strata — Mega- 
loiauru*, TdeotauTUiy Sfeneosaurm and Cetiosattrttt. But 
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the most anomalons Banrun of this period, was Ite Pt«n> 
dactjle, (^Pltron, a wing; dactulot a finger,) au uiimal, of 
vbioli Cuvier remarks, "It is undoubtedly the most extra- 
ordinary of all the beings of whose fbrmer ezistenoe a 
knowledge is gmnted to ns, and that which, if seen aliTe^ 
wonld appear most unlike anything that exisiB in the pres- 
ent world," 

The Fterodactyle bore some Fig. 181. 

resemblance to the bat, but its 
month was very unlike that of 
tlie bat, having the jawa and 
teeth of a reptile. It was fur- 
nished with powerful membra- 
nons wings, enabling it to fly 
with ease and rapidity, aud its 
feet were not so iuToIvcd in the 
membranous expanse of the 
wings as to prevent walking. 
Its eyes were very large. 

241. The Stones&ld slate Ptmii«*jt^ 

furnishes the only specimens of fossil mammalia yet discov- 
ered in the seooudary rocks. Farts of the skeletons and the 
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teeth of two genera of the marsupial order of mammi&rona 
quadrupeds have been fonnd in this rock. 
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The Fliasaolotherium wu allied to the OpoBsnm and 
Kaog^oo ; and the organic remains of the Oolite generallj 
Teeemble the present fauna and flora of Australia. 

242. Thep^nft of the Oolitic period oonsistof conifene, 
liliacen, palms and ferns; bat the Cjcadese, vhich were 
introdnced in small nnmbers in the Curbouiferous period, 
are here found abundant. Thej aie intermediate is char> 
actei, between the Coniferae, palms and ferns. Some of 
Ibem are short, stout, cylindrical, scaly stems, surmounted 
by a tuft of elegant leaves resembling a pine apple, while 
Fig. 188." 







others have tmnka thirty feet in length. The Cycadese 
still grow in tropical regions. Valuable beds of lignite and 
bituminous coal are found in the Oolite, as the Kimmeridge 
coal, Brora coal and the Yorkshire Oolitic coal, in England ; 
bat the most important coal beds of the Secondary Period, 
hitherto diBCOvered, are those of Bicbmond, Virginia, which 
cover one hundred and eighty-five square mUes, varying 
17 
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in ihioloiess firom eleven to forty feet. There are three 
beds exhibiting the same phenomena that are observed in 
the older coal beds. These beds are extensively wrought, 
the eoal yielding abnndant ptcre gas. The leaves of eyoa- 
deoos plflAts'are abundant in these beds. 

* 
THE WEALDEN SYSTEM. 

243. Hitherto^ with the exception of a very few thin 
strata, the whole series of deposited rocks have been of 
marine origin, as is shown by their mineral constitution and 
organic contents. The Wealden System exhibits clear 
indications of being firesh-water deposits, containing numer- 
ous remains of land plants and animals. This formation 
consists of a thick series of sandy beds resting on an 
imperfect limestone, and covered by a bed of clay; the 
whole containing fresh-water shells, land plants, fishes and 
reptiles, which indicate the action of river currents, but not 
the attrition of the ocean upon them. It resembles the 
deltas forming at the mouths of large rivers at the present 
day. The Wealden appears in England, Scotland, France 
and Germany. The term Wealden is derived £rom wealdk 
OP walchf the ancient word for woods ; because these rocks 
form a tract of land occupied by the forests of Kent and 
Sussex, England. The order of the beds as observed in 
England, is 

Weald Clay, with subordmate limestone and 
sand— fossil fresb^water shelte, almost en- 
tirely composing some beds. 

Wkaldem R««ni« Ha«tillg» Sand, including the beds of Tilgate 

n BALDER BSBiss, Forestr-^bliiish gray and fermginons wad- 

1000 feet thick. I stones, conglomerate, lignite, fresh^water 

moUusca. 

Pofbeek Strata— compact limestone alter- 
nating with clay, resting upon the Port- 
land beds of the Oolite. 



THE WEALDEM STSTZM. 



195 



ti€i)f WghlU 



t'ig. 184 




Seddoii of the Chalk and Wsalden. W— Wealden. 

The relative positions of the Chalk and Wealden are 
presented in Fig. 134, in which the Wealden invariably 
underlies the Chalk. The Oolitic Series is made, by some 
writers, to embrace these rx>cks, and by others they are 
assigned to the Chalk ; but their organic characters espe- 
cially entitle them to rank as a distinct system. 

244. While some of the organic remains that occurred 
in the Oolite are found in this formation, most of the 
Wealden fossils are peculiar, being almost exclusively fresh- 
water, or terrestrial in their origin. The number of species 
is not large, but the abundance of. remains of a species 
surpasses what has hitherto been witnessed. The remains 
of sheUfish and crustaceans are in some of the beds ex- 
ceedingly abuudant, and indicate an approximation, in 
form, to the animals of those classes now existing. Beetles 
and other insects are often found in these strata. 

245. Among vertebrate animals there. are the remains 
of several species of fish some of which are allied to the 
lepidotusy bony pike of the North American lakes; but the 
reptiles furnish the most remaricable fossils in the Wealden. 

To the Plesiosaurus, Megalosaurus and Cetiosaurus found 
in the Oolite, are added five genera of Saurians peculiar to 
the Wealden; among which are the Hylwosaurus, and 
Iguanodon belonging to the order Dinosauria, 

The HylseosauruSj or Weald Lizard y was a land reptile, 
twenty feet in length, covered with elliptical scales. 
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The Iguanodon, so called &om the retemblance of ita 
teeth to those of the Iguana, a lizard found in the West 
Lidiea, waa an herbiTorona reptile, about thirty feet long and 
of eolosaal proportions, haTing a thigh-bone l&rger than that 
of the El^hant. It was fumiBhed with a short horn as 
are some speoios of Iguana. 

The remains of a large fresh-water turtle and other 
Chelonian animals, and (nLgments of bones belonging to an 
extinct species of wading bird are found in tbe Wealden, 
but no traces of mammalia hare been detected. 

246. Thegeneralcharacterof the Wealdenvegetationls 
the same as that of the Oolite, with the addition of a few 
peculiar species. 

Fig. 135. 
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Between ihe marine beds of the Oolite and tho freali* 
water deposits of the Wealden intervenes a bed eighteen 
inches thick^ of black vegetable soil, called the ^'Dirt-bed/' 
In it are found nnmerons tninks and stamps of coniferous 
trees, fossilized where they grew, with their roots still im- 
mersed in the ancient soil. Here are distinct intimations 
of elevation of the Portland stone to the snr&ce of the sea 
in which it was deposited, so as to constitute the soil for the 
growth of trees ; the growth of vegetation so as to produce 
eighteen inches of earthy Hgnite ; the subsequent depres- 
sion so gentle as not to remove the trees from their position ; 
and finally liie deposition of fresh-water and marine strata 
over the whole. 

Coal beds from one to three feet thick are found in the 
Wealden of Germany. 

THE CHALK OB CRETACEOUS STSTEM. 

247. The Cretaceous group is a marine formation com- 
prising limestones, marls, clays and sands, abounding with 
remains of marine origin. The name of the system is 
derived from its leading member. Chalk, (cretaJ) This for- 
mation is extensively developed in England, Ireland, France, 
Germany, Russia, Spain, Italy, Northeastern Africa, India, 
South America and the United States. Its subdivisions in 
England are 

CKBTAGEOUS STSTEM— ONE l!HOnSAND FEET THICK. 

Upper Chalk, soft, white— with flints. 
lower Chalk, hard white— few or no flints. 
Chalk Marl— marl with slUoate of iron. 

Upper Greensand — sand, chert, ochre. 
Gault — ^blue marl with ferruginous nodules. 
Lower Greensand wlUi occasional Umestone. 



Chalk Fobmation. 



Ob^ehband Fobm a- 

TIOK. 
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The {rreetMOMifi oouut of ulioioiie suid mixed, vith 
the idlioote of iriHi — oUorite— whloh giTea the green color ; 
the color is however often yeilowish, Cir gray, from admix- 
ture wit^ the oxide of iron. Theee unds Alternate with 
beds of cli^ snd limestonQ, and contus frequently foUer*! 
earth and chert. 

OauU is a prorinoial term need in England to designate 
the briok^clay found in. thia BTstem. It is a stiff blue ola; 
containing iron-pyrites, and in some portions, the green 
silieste of iron. It does not occur in the eretaoeous system 
of the United States. 

: The Chalk is a familiar, earthy form of the carbonate 

of lime, sometimes soft, but frequently suffioiently solid for 

bnilding purposes. Its stratification is often isdiatinet, but 

recognizable by the alternating layers of flint In it. 

Fig. 183. 



Oulk Tl(h TUnto-An OntUsr. 

The Upper Chalk is remarkable for its numerous hands 
of dark colored flints ; bands from three to ux inches in 
tbiokoess, and from two to four feet apart. These flints 
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hare very ofiten an organie body as a nuclena about which 
thej have aoomnulated^ and whpee form they hAve preseryed. 
In the Low^ Chalk the flints are rarely found, but the 
silica is difiiided through the mass. The lowest portion is 
largely mixed with clay oonstitating the ohalk marl^ which 
sometimes is green from the presence of the silicaate of iron, 
or red from the oxide of irofi^ 

248. The Chalk fossils 9H nnmerons, almost exdnsiTely 
marine, and appear to have been deposited in deep water. 

Among the radiated atdmals, the Encrinites had dwin- 
dled to a few species of smill sise and diminished beauty; 
one form of th^m in this period was the Margupitej which 
resembled the lily encrillite deprived of its stem. Sea 
Urchins— echini — ^were Yery abundant, accompanied by 
crabs and lobsters whose organization closely resembled that 
of the members of those tribes of the present day. Bivalve 
and univalve shells are found abundantly. The cephalo- 
podous animals to which the ammonite belongs, exhibited a 
great diveraty of forms ) curved in successive whorls like 
the ammcmite, but with the whorls slightly remote from 
each other, as the Orioceratite ; hook-shaped, as the Ha- 
mite; or straight like tilie Orthoceratite, as the Bctculite 
and TurrilUe. 

249. Vast numbers Of small animals existed at this 
period living in shells formed of numerous chambers or com- 
partments, belonging to 'k group which is still common in 
the ocean — ikte ForanUni^era, These animals occupy all the 
chambers of their habitation, and not the outer one only as 
does the nautilus. Their shells are s(»netimes flat and disc- 
like, resembling a piece of money : hence we have the iVttm- 
mulite, from nummus, a piece of money. Fig. 137. Though 
of small size they often ooi^stitute almost the entire mass 
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of mtnmtaina. Nummulitio limeBtoneB F'B- 187.- 
were used is the couBtmction of the 
Sphinx And pyramids of Egypt. 

Injitsoria kIbo abounded daring the 
deposition of the chalk; bnt their beanty 
and perfect state of preBeiration in the 
flints, can be discerned only by the lud of Hnmianuie. 
pow«rfal mioroBOopes; a large proportion of the chalk 
itself af^iears to be made np of the fragmentary akeletoua 
of these minnte animals. The shapes of the skeletons of 
tiiestt aaimalcnlea are varioiu; aome consist of parallel 
tabes arraiiged transTersely npon long fragile ribands; 
Fig. 138. 




others are oblong, or globular, with their surfaces stndded 
with hair-like appendages; while others stilt are in ramose 
groups like polypa. Alany flint nodules are almost en- 
tirely composed of the BJlicioaa skeletons of these infini- 
tesimal fbrmB of animal life. Fig. 139 presents one of the 
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foetU infiuioru, doaely resembling the liTiog XanthidiA. 
It ifl here magnified 500 Fig. 189. 

times linear. Fig. 140 
represents the cell of a 
loo^jte in flint, with the 
polyp protxuded, having 
been entombed in the rain- 
aisl matter while alive and 
aotive. This also is mag- 
nified 600 times linear. 
The GUillonellie are an- 
other femily of infoBoria 

ftinnd in the flint, bo mi- XintMiiom Tnmam. 

nnte that forty-one thousand millions of tlieir skeletons 
occupy bnt a cubic inch. Their cylindrical shields are 
Fig. 140. arranged in a long series 

like a tabnUr chain. 
i They multiply by self 
I division with sncb rspid- 
I ity that a single individ- 
■ nal may produce one hun- 
r dred and for^ millioos 
of millions in twenty-fonr 
ZoophrWlBraiil. hours.* 

250. Of the vertebrale animals, the chalk depodts in- 
olode some sauroid /tshet, among which the Macropoma, « 
a fish about two feet long, has been found so weL 
1 that ita gills and entire stomach with its con- 
tents are presented to inspection. The teeth and bony 
■pines of shacks are abundant, and tiie other two 'orders of 
llihai — the ctenoids and cycloids — which so greatly pr^ 
* Mantell't Wonders of Geolog]r, I. p. 6fi6, 
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dominate in the present seas, are also mtroduoed in the 
cretaceous rocks. 

The reptilian remains of the Cretaceous series compared 
with the three preceding systems are few, embracing, so 
fax as has been discoyered, but one or two forms that were 
not known before. The Ichthyosanrus and Pterodactyle of 
the previous system were continued in this, and a new 
gigantic marine lizard, nearly allied to the Monitor of the 
present period, was introduced, called the Mosasaurus — ^the 
saurian of the Meuse, on whose banks its fossil remains 
have been found. It attained the length of twenty-fire feet, 
and appears to haye been the last gigantic form of marine 
reptiles introduced, before their obliteration at the close of 
the secondary period. Its teeth are found in the cretaceous 
deposits of the United States. Seyeral species of marine 
turtles occur in the cretaceous rocks. 

The bones of birds allied to the Albatross, are recog- 
nised among the fossils of the chalk, but no trace of any 
land quadruped, or any member of the whale tribe. 

251. The sponge, a peculiar kind of organism consist* 
ing of homy fibres, often enclosing spiculsB of flint or 
carbonate of lime, has very frequently seryed as a nucleus 
about which the slliciou^ or flinty matter, diffused in the sea 
at the period of the c}>alk deposits, accumulated, and the 
forms of the sponge haye thus been perfectly preserved in 
flint, in cl^aik and sandstones. Carbonized sea-weeds, drift- 
wood, and beds of lignite occur in the chalk group of rocks. 

252. The <>rtfftn of chalk, so different in its texture and 
appeanmee from the other limestones, with its included 
flints, has been the subject of much discussion. It has been 
supposed by some to be a chemical precipitate : '^ but there 
appears no evidence," says Mr. Brande, "of its having 
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been deposited from ohemical solution ; on the other band, 

% bears marlcs of a meobanical deposit^ as if from water 

loaded with it in fine division. And npon this principle I 

some gleam of light may perhaps be thrown npon the ^nig- 

Inatical appearance of the flinjtsj for it is found that if 1 

finely divided silica be mixed with other earthy bodies, and 

the whole difiiised through water, the grains of silica have, 

under certain circumstances, a tendency to aggregate into 

small noclules ; and in chalk some grains of silica are dis- 

oovarable// The flints occur in nodular masses of irregular 

fynDB, varying from less than an inch to more than a yard 

in circom&r^oe j they are quite insulated from each other^ 

each one being entirely enveloped by the chalk. As they 

almost invariably include some organic body, they appear 

to be silitsour aggregiktionB about nuclei, as septaria are 

aggregations of calcareous and argillaceous matter. It has 

befDre been shown (§ 66,) that silica is soluble in water, as 

it occurain the Oeysers of Iceland. The chalk resembles 

ihe calcareous mud that accumulates in the lagoons of coral 

islets, produced by the ocean wearing corals and shells to a 

fine powder. (§ 79.) 

258. The tgneoui rocks associated with the chalk and 
other members of the Secondary series, are basalt and other 
fonns of trap. The basalt of the Gianf s Causeway breaks 
through and overlies the chalk in the north of Ireland, the 
heat of the igneous rock having rendered the chalk hard 
and cry!it4)pie Uke priniaiy niarble. 



CHAPTER VIII. 



ROOKS OF THE TERTIARY PERIOD. 

254. The Tertiary embraoea the strata of sand, Qhy, 
and limestone, which lie between the chalk and the superfi- 
cial deposits designated Drift and Alluvian^ with which 
they were confoonded previous to the labors of Cuvier and 
Brogniart in A. D. 1810. They differ from the Secondary 
rocks in mineral constitution and especially in their organic 
contents ; but are not very distinctly boukided at their upper 
limit, frequently merging in the recent deposits. In gen- 
eral they are not so firmly aggregated nor so thick as the 
Secondary rocks, and are remarkable for exhibiting frequent 
alternations of marine and fresh-water formations in the 
same localities. These beds very frequently occur in limi- 
ted and detached basins, as if deposited in shallow lakes or 
estuaries; they are however often continuous over very 
extensive tracts of country, as from Martha's Vineyard 
southward along the whole extent of the Atlantic coast of 
the United States. The order of succession of strata is not 
50 uniform as in the older rocks; and hence arises ~the 
difficulty of framing a description that will apply to them 
in all localities. Their alternations have, however, been 
accurately ascertained, especially in the Paris and London 
basins, 

255 The sands and clai/s predominate in the Tertiary 
series; their colors are varions, depending principally upon 



OLABSinOATION Of tHB TBRTIABT. 205 

'the colored componnds of iron, and they are not sufficiently 
indurated to form firm sandstones and shales. The calcare- 
ous strata are more varied in structure and appearance, con- 
sisting of soft marls filled with shells — of rough masses of 
coral — of fre^h-water beds of hard limestone — and of ma- 
rine limestone of coarse sandy texture. They also contain 
beds of silica, buhrstoi\e, gypsum, and rock salt. 

256. The Tertiary strata occupy a large portion of the 
surface of Europe, conforming in a remarkable degree to 
the present outline of the sea; so that if the continent 
were depressed a few hundred feet, the sea would cover 
them, indicating that no essential change has occurred in 
the figure of the land since that period. The Tertiary series 
has been recognized also, in Northern Africa, in Asia, in 
North America, and in South America on both sides of the 
Andes. 

257. These rocks were, at first, dasstfied in accordance 
with their alternations as marine and fresh-water deposits ; 
but these alternations are found not to be uniform. The 
classification generally adopted is that of MM. Lyell and 
Deshayes, based upon the relative proportion of shells spe- 
cifically identical with those occurring at the present time. 
Shells are selected as the test because they are more gen- 
erally and uniformly diffused in strata than the remains of 
any other class of animals. 

EooBKEy (Has, the dawn ; and kamoSf reoent,) the dawn of the 
present period with its raoes of plants and animalB ; 
contains less than fiye per cent, of liTing speoioSy in 
its fossil content43. 
HkoOIHB, (Meion, less; kamot, recent,) though containing 
moreliying species than the Eocene, thej are still 
less than half $ its per centage of recent speoies is 
eighteen. 

18 
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Flsiooshb^ (JPlciotif more ; kamos^ recent,) a nu^ori^^ of wlUMM 
fossils Mong to existing species. 
Plkutoobke, {PUistos, most ; kainoSf recent,) a stOl nearer ap- 
proximation to the present period, liaTing ninety-fiye 
per cent of recent shells. 

THS EOCENE OB OLDER TERTIA&T. 

258. The Eocene deposits are the most distinct of the 
series, and occur well developed in France and England. 
They, however, vary much in local character. The beds 
of the Paris and London basins are of the same age, but 
differ greatly in mineral constitution ; in the London group 
those of a mechanical origin — sands and clays almost ex- 
clusively prevail ; while beds of limestone, silica, and gyp- 
sum abound in the Paris basin. 

The following tabular arrangement exhibits the order 
of the beds in the two basins : 



PASIB BABIir. 

Ujpper I^ah-nHUer ffrot^ — marls, 
jumds, shelly limestone, biihr 
limestone. 

t^i;per Marin$ — sands and marls 
with thin layers of lime- 
stone. 

Lower Fretk-watet — ^marls, sQi- 
dous limestones, gypsum with 
niunerons bones of animals. 

Lower Marine — coarse sandy 
limestone (ealeaire gromgr) 
calcareous marls and green 
. sand. 

PUuUc C^— blue plastic clay, 
sand and pebbles, beds of ligr 
nite. 
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Bagshoi Sand- — sand contahdng 
few fossils. 

London Clay — clay, blackish or 
gray, containing septaria and 
ferruginous nodules, with nu- 
merous organic remains. 

Pkutic Clay and Sanda — sands 
and sandy clay, with riiells; 
beds of lignite, flint pebbles. 



wnpteaeais the London Clayj-xthe plaetio oUy; oihe 
Chalk; o tho Wealden; b the Oolite; the B&gshot und 
eapfl and orerliea the London Cla;. The position of the 
Cit7 of London is indicated hj the bailding. 

259. There are nnmerouB other localities of the Eocene 
Terliai7, as in Soathera France, Spain, Belgium, Italy, 
Greece, Asia Minor, Egypt, Lidia and Nortli and Sontli 
America. 

260. The foaaile of this group are very nnmerona and 
important, indicating the condition of the earth at the time 
of their depodtion. The general character of the flora and 
fiuina was like that within the tropics of the present day. 
The species are with very few exceptions extinct, and seem 
to have been almost exclusively confined to this formation. 
Hore than a hundred species of ^anU have been dis- 
tingnished, many of which are diootyledonona, and resem- 
ble intertropical plants of the present day ; a great number 
of their seeds and &nits have been found in the London 
oUy beds of the Isle of Sheppey. Yarions fossil lesiDS have 
been discovered in these beds, the most important of which 
IB ambtr, occurring in nodules from the size of a nut to 
liiat of a man's head ; one specimen weighs 18 lbs. Sped- 
mens frequently contain insects whose positions and de- 
tached legs and wings iodicafo that they struggled aA« 



208 BOGKB 07 THE TEBTIARY PERIOD. 

they were involyed in the resin which was at that time 
liqnid. 

261. A large number of shells, both nniyalve and 
bivalve; occur in the Eocene : the nautilus was retained, but 
the ammonites and belemnites had become extinct. More 
than two hundred species of Certthium (an elongated shell 
resembling Fig. 142) living in brackish water, are found in 
the European Eocene ; and the nummuliteSf Fig. 137, are so 
abundant in some localities as to make up al- p. ^^ 
most the entire mass of rock. The remains of 
crabs, are abundant in these deposits. About 
one hundred species of fish have been recog- 
nized. Their remains at Monte Bolca in North- 
em Italy, and at Mount Lebanon are very numer- 
ous ; the immense quantities which have been 
found in a beautiful state of preservation at the 
former locality, have been thought to indicate 
that the limestone in which they are imbedded was erupted 
into the ocean in a fluid state, by volcanic action, suddenly 
suiS^ting and enveloping them in the calcareous mass. 
The species of fish found in the Eocene are all extinct, and one 
third of them belong to exiiuGt genera ; but many of them 
a>e closely allied to existing species. The ganoid and placoid 
Fig. 148. orderS) characterized by their 

covering of pointed bony 

^^^p^ plates and enamelled scales, 

l i l[f i (i i «r ffl r^ which abounded in the older 

rocks, had become relatively 

Haooid Scales. rare ; the placoids, however, 

had representatives in the sharks and rays, whose teeth 

are found in abundance. The ctenoids and cycloids, 

which had been introduced just before the dose of the 






ctenoid Betim. 
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eecondaiy period, now pre- Kg. 1^. 

dominated. The ctenoid 
order is characterized by 
IKsales having the posterior 
margins finely pectinated 
-—divided into little teeth 
like a comb ; these scales are imbricated^ each lamina being 
smaller than the one beneath it, and pectinated as repre- 
sented in Fig. 144. This order is represented by the perch 
family. The cycloid order is characterized by circular im- 
bricate scales with smooth margins, of which the mackerel 
jfnmishes an example. More than three-fourths of the 
species of fishes now living belong to the ctenoid and cy- 
cloid orders. 

: 262. The rattles, like the fishes, shells and plants of 
iiiis period, resemble those now living in warm insular cli- 
kiates } they include crocodiles, turtles, tortoises, and ser- 
pents similar to the boa-constrictor attaining sometimes the 
length of twenty feet. Several species of birds have been 
obtained from the Eocene resembling the pelican, buzzard, 
owl, woodcock, quail, &c. 

263. The number and peculiar features of the land 
guadrupeds, found in the gypseous deposits of the Paris 
basin attracted the attention of Cuvier, whose accurate de- 
scriptions of extract forms have given great importance to 
palaeontology. These quadrupeds belonged principally to 
the order pctchydermata, or thick skinned animals, repre- 
aented by the elephant and horse of the present period. 
The Eocene quadrupeds which have attraofied most atten- 
tion belong to the genera Pahsotherium and Anoplothe^ 
rium. This period has been designated (he o/ge of mam* 
maU, (§ 152.) 

18* 
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264. ThepaJtfolherium^palai<M,»acieat;th«rwn,inlA 
beast,) nMmbled geaerolly the tapir of the piesent day, 
havJDg a abort fleahj proboscis j in some of its zoologi* 
cal characters it was like the rhinoceros. Its feet were 
divided iolo three toes, instead of fonr, as in the tapir. 
The skeletons of the pabeotherin are found so abundant and 
well preserved in the Tartiai; toAb as to leave no doubt 
respecting their loologioal characters. Twelve species hava 
been fonnd, varying in site from that of the rhiuooetos to 
that of the hog. Xhe largest %sre in cat 14& repTosenll 
this animal. 

Fig. 145. 



The Lophiodon was a genns still more closely allied to 
tlie tapir ; only imperfect &»gments of its skeleton have 
been obtained, indioaUng, however, that lome of its spedei 
attained the «se of the rhinoceroe. 

266. The name of the AnoploAerwm (a, without; 
qpZon, weapon ; therion, wild beast) deftaceleu animal, ii 
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derired from its destitutiicai of tiiaks or canine ieeth longer 
than the inoisoro^ in which respect it differs from all mam- 
miferons animalB except man ; its feet terminated in two toeSf 
and it had no proboscis* The genus embraces seyeral gronpa^ 
one species of which resembled the (^ter^ but was much 
larger ; its peculiarity was the great length of its tail, which 
surpassed that of the body; no animal of the present day 
except the kangaroo has so long and powerful a tail. Jl 
species of anoUier group resembled the hare in dimensions 
and in the proportions of its limbs* But the most charao- 
tenstio species is the Anoplotherium OracHe, called also 
Xtphod&n, whose graceful and elegant form resembled that 




AnoplotlMritan GrMlto— (J!%iAo(itm.) 

of the gazelle ; it was closely allied in zoological charac- 
ters to the ruminating animals, (the deer tribe.) The 
true ruminants, however, as the camel, ox, sheep, goat and 
deer were absent at this period. 
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Fifkj-seven species of mammalia have been recogQixed 
in the Eocene^ including a number of eamivorous quadiu- 
peds^ as the wolf^ fox and raccoon. The opossum, bat and 
monkey are also found in the rocks of this period ; the 
remains of the monkey, macacus eocasntUy occurs in a bed of 
sand underlying the London clay, in England. 

266. The fossil insects found in the rocks of this period 
present remarkable instances of the preservation of the most 
delicate objects ; the nerves of the wings, the pubescence of 
the head, and some traces of the coloring are visible. The 
wings of the beetles are found in some cases extended be- 
yond the wing-covers, indicating that the insect fell into 
water while flying. Seventy genera have been found at 
Aix, in Provence, including some species identical with 
those inhabiting that locality at the present time. 

Pig. 147. 

FOSSIL INBEOTS. 




LathzoUiim. 




PentUtria. 




267. The Eocene of North America is found in Yir- 
gansLy Carolina and Oeorgiai and consists of beds of marl. 
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limestone/ sands and days ; about six per cent, of its fossils 
axe identical with the European Eocene fossib, but about 
one-fourtk are very closely allied to them. The Eocene 
deposits of South America indicate a great difference in 
fossil contents on opposite sides of the Andes. 

THE MEldCENE PEBIOD. 

268. The Metocene, called also the Middle Tertiary, is 
imperfectly represented on the east coast of England by the 
*^ Coralline Crag " formation, consisting of marine calcare- 
ous sands, thin limestones and marls ; but in central and 
eastern Europe it is developed in strata of great thickness 
and extent. It occupies the great valleys of the Loire and 
Garonne in France j large portions of Switzerland; the 
valley of the Danube, including the Vienna basin, with the 
pluns of Hungary and Poland ; the valley of the Rhine 
and the western coast of Spain. The strata consist of 
quartsose sandstone, sometimes soft and incoherent, called 
in Switzerland the Molassey shelly limestones and marls, 
with beds of lignite, and thick masses of corals. They are 
of both marine and fresh-water origin. The Meiocene beds 
have also been investigated in the southeastern States of 
the United States. Tertiary deposits on the flanks of the 
Sewalik hills in Northern India, and in Siam are referred 
to this period. 

269. Extensive beds of lignite indicate a vigorous 
growth of planU; among them the palm is recognized, 
having grown in Central Europe contemporaneously with 
trees scarcely distinguishable from those still growing there. 
Among animal remains those of zoophytes were very.abun« 
dant, making np entire masses of the coral crag, and be- 
longing mostly to extinct species. Great numbers of shells, 
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marine uid fluvwtile an found ; maby of the latter Mo^ 
to the genera Iiimnea and Plattorhit, and are identio^ nidi 
those of the pieaent day. The pabaontol- fig. tt^. 
dgy of ^uB period combines the more an< 
oient oharactMB of the Eooeoe with the 
present botanical and loologioal featureg of 
the same localities. The v^«f of the Rhifie | 
ezhibita the most remarkable fossils of this 
period hitherto discovered. Numeroos tur- 
tles and fishes presenting marked peculiarities of structure 
hare been obtained there. Pig. 149 exhibits an interesting 
specimen three feet in length, from Oeningen near Lake 
Constance. This locality furnished also the celebrated 
ralic, a gigantic, extinct, aquatio salamander, which Sohewoh- 
ler in 1726 mistook for the skeleton of a man. 

Fig. 1«, , ■- 



270. The most remarkable qnadmped of this poiod ia 
the DiiuAherium,, {deinot, fearfully l«ge; Mertwi, beast,) 
whose remains are found in the valley of the Rhine near 
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Sarmitadt, and in the viJlejB of the Jom Moonfauiu. " Its 

length wot nearly twent; feet; its bod; huge and barrel 

shaped, rer; muoli renembling that of the hippopobuaue, 

Fig. 16a 



being little niaed above the groond, althoogh the huge ool- 
nmns whtidi focmed its legs are suppoaed to have bees 
nearly ten feet in length. ..Its head, rarelj, perhaps, brought 
entirely above the vater, was lilie that of a Urge elephant, 
and it was provided with a short, hut very muscular ajid 
powerful proboscis. A pair of large and long tasks were 
appended to thb ekull, and curve downward, aa in the wal- 
rus. Tbe tuska do not proceed from the upper jaw, whenoa 
they could be made to depend eutirely t^on the bones of 
the neck to support them, but are fixed in the lower jaw, 
and are planl«d, as it would seem, in this strange porition at 
the greatest possible mechanical disadvantage. There can 
Ecareely be a doubt that an animal provided with appenda- 
ges so placed, was an inhabitant of the water ; and the 
tusks, which are very large, were probably useful as pick- 
azee, enabling the monster to dig for succulent vegetable 
food by day, while, perhaps, at nigbt they could be attach^ 
like anchors to the banks of the river or lake in which the 
animal habitually dwelt. It was the most gigantic of the 
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herbivorous quadrupeds, and was associated with the palseo^ 
theres of the more ancient Tertiary period, and with the 
mastodons and elephants which lived on till a far more re- 
cent date/'* 

271. The Tertiary deposits upon the flanks of tae sub- 
Himalayas or Sewalik hills in India abound with interest- 
ing fossils, including' the monkey, elephant, dinotherium, 
mastodon, rhinoceros, hippopotamus, horse, giraffe, antelope, 
and many others resembling the existing animals of the 
same name. The most singular animal hitherto found in 
that locality is the Sivatherium, so called from the Indian 
god Siva, and therUmy beast. Its size was about that of a rhi- 
noceros. Its head was large and shaped like the elephant's, 
and was furnished with a small proboscis. It had two pairs 
of horns ; one pair, like those of the ox in shape, were situ- 
ated over the eyes, and the other pair palmated, like those 
of the elk, were placed on the back part of the head. The 
structure of the animal shows it to have been intermediate 
between the pachydermata and ruminantia. 

The Toocodofiy (toxon, a bow ; odota, a tooth,) a large 
quadruped distinguished for the singular shape and arrange- 
ment of its gnawing teeth ; and the Macrauchenia (malcros, 
long; auc^en, neck,) a pachydermatous animal whose neck 
was nearly as long as that of the giraffe, have been fouud 
in the Tertiary of South America. 

THE PLEIOCENE PERIOD. 

272. The only representative of the Pleiocene or Newer 
Tertiary in England is the Red Orag, consisting of ferru- 
ginous-colored sand and gravel, with few zoophytes^ but 
abounding in marine fossil shells, many of which arc idcu- 

* Ansted's Ancient World, p. 282. 
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tioal with- living species. On tlie Continent of Europe the 
eztensire beds on both sides of the Apennine MoontainSi 
called the Sub-Apennine deposits, are 2000 feet thick, 
consisting of calcareous marls and sands^ and are extremely 
fossiliferous. Some of the deposits in Sieilj, Greece and 
Asia Minor belong to this period. The Pleiocene strata 
cover also extensive regions in southern Kussia; central and 
southern Asia, and America. 

273. B«markable beds of lignite or brown coal, belong- 
ing to thi3 period, found in Glermanj, exhibit a great mass 
of vegetable matter. These lignites lie between beds of 
clay and sand, and consist of solid wood, blackened, but in 
many instances so slightly changed as to admit of being 
used as timber; they are similar to the trees now growing in 
their vicinity. A thin leafy bituminous lignite is callecl 
paper coal. The remains of fishes, frogs, insects and quad- 
rupeds are found in these deposits. 

THE PLEISTOCENE PERIOD. 

274. The Pleistocene embraces the deposits of fossilif- 
erous sands, marls and gravels, containing fossils which 
belong almost entirely to living species. They are exten- 
sive in the Southern parts of Europe, Asia and America. 
By some writers on Geology they are made to include the 
drift, while others apply the term to beds of clay, sand and 
marl deposited subsequent to the drift and previous to the 
Alluvial. Where the drift does not occur, as in the south- 
em parts T>f Europe and North America, the Pleistocene 
beds present an uninterrupted series from the Pleiocene to 
the Alluvial. 

275. The deposits which are spread over those vast 
plains in South America, called Pampas^ are assigned to 

19 
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tiie latter poTtion of the Tertiary period. They incladB 
a remaikable group of kninuLls, belonging to the order 
Edentata, of which the sloth, the armadillo and the ant^ 
eater are repreaentatiTes in the fanna of the present di^. 
The i^alherium (mega, great; tkcrifm., beast,) Iras'* 
gigantic^ qoadmped exhibiting some very striking resent- ' 

Fig. 151. 



blanoes to the sloth. Its length is eighteen feet, its breadth 
across the loins six feet, while its height Was nine feet. 
Its propMtions were singolarly massive, its peWis and hind 
extieinitieB being three times as Urge as those of the ele- 
phant. The fore legs were long, resembling in stractnre those 
of the slotL The fore foot was a yard long, twelve iaches 
broad, five-toed, and armed wiUi long and powerful claws. 
This animal is t&ken as the type of the Megatheroid gronp. 
276, The Mylodon (mide, a mill; odow, a tooth,) an 
allied genns found in the same looality, in some respects 
more closely resembles the elotb. Prof. Owen has given a 
fiill description of a perfect skeleton of this animal ob- 
tained from Buenos Ayres, and deduced its relations and 
habits. The length of the skeleton is eleven feet, inolu- 
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ding the tail. Its teeth show that it was a vegetable eater; 
it probably lived; as do the sloths of the present daj^ on 

leaves and bads of trees. 

ng. 162. 




Mylodoa Bolnutus. 

277. The MegaHonyx (megate^ great; onux, claw,) re- 
sembled the mylodon in its size and proportions ; it differed 
in its claws^ and in greater freedom of motion in its fore 
limbs. 

The Sceltdotherium (jscdidosy the thigh ; theriortj beast,) 
though allied to the megatherium, resembled the ant-eater 
and armadillo. In its hinder extremities and tail, the 
Etrength was greater in proportion than in any known ani- 
mal^ living or extinct ; while the length of the animal was 
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not gre&ter than that of a NewfoaDdland dog, and itc fora 
limbs no larger, its hind extremltieB were as pondeiooa as 
tliose of the hippopotamuB.* 

278. Associated with the megatberoid animals of this 
period was a colossal armiiaillo, called the Glypttxlon (^glup- 
to», sculptured; odouM, toothj from its teeth beiog BCttlp- 
toied laterally with wide, deep grooves. Like the armadillo 
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it was coTOrod with a orust or shell, oompoaed of polygonal 
pieces accorately fitting each other, conBtituting a massire 
armour. The Btructure of its hind foot is very peculiar, 
presenting a frame work unparalleled in its adaptation to 
support a great weight, and at the same time allow such free 
motion in the fore limbs as the habits of the armadillo re- 
quire. Several species of the genus glyptodon hare been 
determined. The remains of the mastodon have been 
found in the same localities with the megatberold animals. 

* Ansted'a Ancient World, p. SJ8. 
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279. j^^rneot<5 rocks are'^und abaildantly in conne^on 
with the Tertiary eeries ; they are lavas of extmct volcanoesy / , . ^ . . ' . . . 
and are intermediate in character between the traps of the ^ 
secondary period and the products of active volca;noes. In/ ^ -^ 
composition they are principally traohytic, but sometimea- y^^«^ » ^^^ 
scoriaceouS; or tufaeeous. One of the most remarkable ' ^^ '^ 
localities of Tertiary volcanoes is an extensive plain in 
Auvergne, tfentral France, which supports a series of seventy 

volcanic cones, varying from five hundred to a thousand feet 
in height, forming a range about twenty miles long and two 
broad. '^ Many of these cones retain well defined craters 
several hundred feet deep, and their lava beds can be traced 
as easily as those of Vesuvius. ^' There is no spot,'' says 
Mr. Scrope, '^ even among the Phlegnoan fields of Italy/ 
which more strikingly displays the characters of volcanic 
desolation. Although the cones are partially covered with 
wood and herbage, yet the sides of many are still naked ; 
and the interior of their broken craters, rugged, black and 
scorified, as well as the rocky floods of lava with which they 
have loaded the plain, have a freshness of aspect, such as 
the products of fire alone could have so long preserved, and 
offer a striking picture of the operation of this element in 
all its most terrible energy.'' These volcanic vents are of 
different ages; some of them are manifestly of compara- 
tively recent origin. 

280. Another interesting group of Tertiary volcanoes is 
npon the banks of the Rhine, where the graceful forms of 
the Siebengebirge or Seven Mountains, and the majestic 
Eifel with its crater covered with scoriaa, and its lava cur- 
rents still visible, are conspicuous features in the pictu- 
resque scenery of the river. The basis rocks supporting the 
Tertiary formations are not here, as in Auvergne^ granite, 

19* 
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but belong to the Silurian formation. Similar evidences of 
volcanic agency during the Tertiary period are found in 
Catalonia in Spain, Hungary, Asia Minor in the ''burnt 
district/' and in Palestine. The soil in the vicinity of these 
volcanoes, composed in part of their lavas, is exceedingly 
fertile. 



CHAPTER II. 



ROCKS OF THE QUATEBNART PERIOD. 

281. The Quaternazy series embraoes tlie heterogeneous 
masses of the Drift and all subsequent deposits up to the 
present period. English geologists generally disoaid this 
division, and extend the Tertiary over this series. 

THE DBIFT PERIOD. 

282. The Drift includes accumulations of Baad| 
gravel, clay, pebbles and boulders, or erratic blocks ; the 
boulders are firagments of the hard crystalline rocks, usually 
water-worn, rounded, and scratched, or grooved. The term 
Diluvium has been applied to this deposit; drift indicates 
that the materials have been impelled by currents. 

283. The drift is not universally diffused, but appears 
to be confined within 40° or 50° from the poles. In Asia 
it is rarely found lower than 60° north latitude ; in Europe 
it descends to the southern parts of Poland and Prussia ; 
and in North America it is found as low as 40°, and some 
of the north and south valleys extend it a little farther 
southward. Its southern limit in the United States is a 
line drawn from Long Island through central Pennsylvania 
to the Ohio, with occasional outliers in the valleys of the 
Delaware, Susquehanna and Mississippi. It is found also 
in the southern portions of South America, but not within 
the tropics. It occurs at elevations above the present sea 
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level; yarjring from threej hundred to five thousand feet. 
The general direction of the drift in North America has 
been from north to south^ and occasionallj southeast; while 
in Europe it appears to have been dispersed in various 
directions from the Scandinavian Mountains. Boulders 
have been transported in some instances hundreds of miles; 
the largest of theln have^ however^ usually been deposited 
within a few miles of the ledges from which the j were torn. 
They diminish in size and number as the distance from 
t^eir ori^nal position increases. Boulders of considerable 
size are frequently found in Northern Ohio^ but are few and 
small in the central and southern parts of the State. They 
can be identified with the rocks of the parent ledges by 
their general constitution and by particular minerals con- 
tained in them. 

284. Boulders vary greatly in 9ize; some of them 
weigh thousands of tons. A conglomerate boulder at Fall 
Biver^ President Hitchcock states^ weighs ten million eight 
kondred thousand pounds ; a granite boulder near Neufcha- 
tel weighs three million eight hundred and fifty thousand 
pounds ; and the boulder from which the pedestal of the 
statue of Peter the Great was hewu; weighed one thousand 
five hundred tons. Some boulders are so poised upon hard 
surfaces; as to oscillate by the application of a moderate 
force to them; and are then called rocking stones ; others 
are firmly posited in such a manner as to have given rise 
to the conjecture that they are artificial structures. An 
example of this occurs in the State of New York; and is 
represented in Fig. 154. A boulder of felspathio granite 
weighing about fifty tons, rests at the height of three or 
foijr feet above the ground, upon limestone pillars. They 
are sometimes poised on the summits of mountains ; others 
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kars been oanied over monnbun ridges, though thej ne 
tuually ttmad MonmnlBted in larger nnmbers on the noith 
mdes of monnbuns. 

Kg. IM. 



285. The tranaport of the drift has 'produced very con- 
Bpicsons effects upon the surface of the earth, scratching, 
grooTuig, and polishing the rocla. The scratches and 
grooves are parallel, reaembling those produced by glaciers 
described in § S2. They vary from a fraction of an inch 
to more than a foot in depth and width. Sometimes two 
or more sets of striae cross each other at a small angle. 
These striae have been found on the White Mountains five 
thousand feet above the ocean level. Prof. Locke gives an 
example of these grooves on the limestone near Dayton, 
Ohio. " The quarry has been stripped of soil more or less 
over ten acres, and the upper layer of stone is in moat 
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places eompletelj ground down to a plane, as perfecilj as. 
it oould have been done bj a stone cutter, by rubbing one 
slab on another with sand between them. In many places, 
in addition to the planishing, grooves and scratches in par- 
allel straight lines, evidently formed by the progress of 
some heavy mass, propelled by a regular and uniform mo- 
tion, are distinctly visible. The grooves, are, in width, 
from linos scarcely visible, to those three-fourths of an inch 
wide, and from one-fortieth to one-eighth of an inch deep, 
traversing the rock in a direction south 26^ east, in lines 
exactly straight and parallel/' "*" 

It is probable that a very large portion of the earth's 
surface was affected in this way, as far as the drift extended, 
since the removal of clay and other substances which cover 
the rocks discovers the striad ; rocks that suffer disintegra- 
tion by atAospherio agency, as limestones, which are par- 
tially dissolved by water holding carbonic acid in solution, 
do not retain their grooves. The direction of the striad 
coincides with that of the dispersed drift, and is often modr 
ified by the features of the surface ; as when it is diverted 
£rom the general direction into a valley. Some sets of 
strisD appear to have been nearly obliterated by others pass- 
ing over them. 

286. The northern and northwestern sides of the ledges 
of rocks are more worn by the drift agency, and the hills 
are elongated in this direction, corresponding in appearance 
with those denominated by European writers roches mou- 
tonnees. President Hitchcock has observed very numerous 
angular fragments of rocks ranged in long narrow lines, ex- 
tending from the ledges in the same direction with ihe 
drift, and overlying that deposit, which he denominates 

* Ohio Geological Survey, p. 230. 
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ttreamt oftUfnet. The same geolog^t adduces as iiutaDMf 
illastratiTe of the prodigious violence of the drift agencj, 
the fruotnro and orertaming of perpendionlur strata of 
Blal« rocks near the sommite of hills. As the material 
of the drift are generally supposed to have been transported 
by the agency of ice, these deposits are colled glaciai bedt ; 
they have very few, if any fossils. 

287. Overlying the boulder formation occur beds of 
blue and yellov clay, sand and marl ;' these are most abun- 
dant in lakes, ponds, and river valleys. They somedmes 
appear to be caused by a new arrangement or assorting of 
the materials of the drift, producing an inter-sttaU£oation 
of sands, clays, and gravel, and are called aiteTed drift. 
This t4)pearB to have been accomplished beneath the ooean 
wluch ^availed ovw the drifl region. 
Fig. ISC 



PmlM BMdi uid BiTU Tonuea. 

288. The origin of marine Urraeea has been assigned 
to the agency of the ocean exerted at this period. Fig. 
155 presents a viev in the valley of G-len Boy in Scotland, 
is which two parallel shelves or terraces, level and oontut- 
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nous Arongli the whole glen, are seen. They vary in 
irid4h from ten to sixty feet, and are oorered with boulders. 
The highest one is one thousand two hundred and fifty feet 
above the present level of the ocean, and the other is two 
kundred feet lower. These terraces are stratified deposits ; 
they are ascribed to the action of water standing at that 
level; either a lake or the ocean. Similar shelves at these 
elevations are found in other valleys of Scotland, in Swe- 
den, and in North America. River terraces present similar 
phenomena; they occur in valleys of mountainous districts, 
where the river flowing over the drift in which it cuts its 
channel, removes the materials to lower levels. The 
sudden removal of obstacles gives origin to a new terrace. 
These a]% represented in Fig. 155. Ancient lakes have 
also been reduced by successive stages, and formed broad 
level terraces. 

289. Yarious beds of sand and gravel scattered over 
the valleys and plains are called ossiferous, because they 
contain bones of the elephant, hippopotamus, bear, deer, 
horse and other animals which do not now inhabit the re- 
gions where their remains occur; the bones of the elephant 
and rhinoceros are found in England and in Siberia, where 
they have not been known to exist within the historic pe- 
riod. These bones are partially petrified by the salts of 
lime and iron, are harder and heavier than recent bones, 
but still preserve their bony structure. Many of these 
ossiferous deposits are local, having been produced by the 
action of rivers, and the filling up of lakes, but some of 
ihem appear to be due to more extensive agencies. 

. 290. Numerous caverns have been found in Europe, 
Am^ca and Australia, containing deposits of loam, river 
silt and small boulders. These materials were probably 
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ialroduoed during different perioder; bat the animal jemains 
included in tjiem indicate the drift period as the one during 
which the largest portion of the deposits accumulated. 
The bones, which are perfectly preserved in many instances 
in calcareous incrustations, are chiefly those of races of . 
bears and hysenas whick inhabited the caves, together with 
the remnants of their prey, and occasional fragments of 
the elephant and rhinoceros. The remains of man, and of 
animals still living in the vicinity are sometimes found in 
them. The most remarkable caverns, on account of their 
organic contents, are Eorkdalo Cave near York in England; 
and the Cave of Gailenreuth in Germany. 

291. The Kvrkdale Gave, which Dr. B^kland has 
very accurately described in his " Beliquiae Diluvianse," is 
situated about twenty-five miles northeast of York, above 
the northern edge of the great vale of Pickering, and 
thirty feet above its waters. Its floor is level and ne«rly 
conformable to the plane of stratification of the corallino 
oolite in which it occuirs. In some parts the cave is three 
or four feet high, and roofed, as well as floored, by the level 
beds of this rock ; in other parts its height was augmented 
by open fissures, which communicate through the roof, and 
allow a man to stand erect. The breadth varies from four or 
five feet to a mere passage ; at the outlet or mouth against 
the valley was a wide expansion or ante-chamber, in which 
a large proportion of the greater bones, as of the ox, rhi- 
noceros, &c., were found. This mouth was choked with 
stones, bones and earth, so that the cave was discovered by 
opiening upon its side in a stone quarry. On entering the 
cave, the roof and sides were found incrusted with stalac- 
tites, and a general sheet of stalagmite, rising irregularly 
into bosses, lay beneath the feet. This being broken 

20 
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through, yellowish mud was found about a foot in thick- 
ness, fine and loamy toward the opening, coarser and more 
sandy in the interior. In this loam chiefly, at all depths, 
firom the surface down to the rock, in the midst of the 
stalagmitio upper crust, and as Dr. Buckland expresses it, 
'^ sticking through it like the legs of pigeons through a 
pie^srust,'' lay multitudes of bones of the following ani' 
mals: 

Camtvora — ^hysana, tiger, bear, wolf, fox, weasel. 

JPachydermata — elephant, rhinoceros, hippopotamu8| 
horse. 

JiuminatUiar-—0Xf three species of stag. 

Rodent\g^ — ^hare, rabbit, water-rat, mouse. 

Birds — craven, pigeon, lark, duck, snipe. 

The hyasna's bones and teeth were very numerous-— 
probably two or three hundred individuals had left their 
bodies in this cave ; remains of the ox were very abundant ; 
the elephants' teeth were mostly of very young animals ; 
teeth of the hippopotamus and rhinoceros were scarce; 
those of water rats very abundant. The bones were almost 
all broken by simple fracture, but in such a manner as to 
indicate the action of hysenas' teeth, and to resemble the 
appearance of recent bones broken and gnawed by the liv- 
ing Cape hysena. They were distributed as in a '^ dog- 
kennel,'' having clearly been much disturbed, so that ele- 
phaixts, oxen, deer, water-rats, &c., were indiscriminately 
mixed ; and large bones were found in the largest part of 
the cavern. The teeth of hysenas were found in the 
jaws, of every age, from the milk tooth of the young ani- 
mal to the old grinders worn to the stump; some of the 
bones were polished in a peculiar manner, as if by the 
trampling of animals.'' 
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292. The most remarkable ossiferous cavern of Ger- 
many is that of Gailenreuth^ which lies npon the left bank 
of the Wiesent. The entrance, which is about seven feet 
high, is in the face of a perpendicular rock, and leads to a 
series of chambers from fifteen to twenty feet'^high and 
several hundred feet in extent, terminated by a deep chasm, 
which, however, has not escaped the ravages of visitors. 
This cavern is perfectly dark, and the icicles, or pillars of 
stalactite, reflected by the torches which it is necessary to 
use, present a highly picturesque and striking effect. The 
floor is literally paved with bones and fossil teeth ; and the 
pillars of stalactite also contain osseous remains. Loose 
animal earth, abqunding in bones, forms in some parts a 
layer ten feet in thickness. A graphic description of this 
cave waB published by M. Esper, more than sixty years 
ago ; at that period some of the innermost recesses contained 
wagon loads of bones and teeth; some imbedded in the 
rock, and others in the loose earth. The bones in general 
are scattered and broken but not rolled ; they are lighter 
and less solid than recent bones, and are often incrusted 
with stalactite. Cuvier, who enjoyed the opportunity of 
examining a very large collection of bones from Gailenreuth, 
was enabled to determine that at least three-fourths of the 
osseous contents of the caverns belonged to some species of 
bear ; and the remaining portion to hyaonas, tigers, wolves, 
foxes, gluttons, weasels and other small carnivora. By the 
bones which were referable to the bear, he established three 
extinct species of that genus, the largest of which is called 
the Ursus spelssits. The hyasna was allied to the spotted 
hydsna of the Cape, but. differed in the form of its teeth 
and head. Bones of the elephant and rhinoceros are also 
said to have been discovered, together with those of exist- 
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ing animals, and fragments of sepulchral urns of high an- 
tiquity/'* 
- 293. The phenomena of ossiferous caverns lead to the 
conclusion that they were the dens of ravenous animals ; 
that the carcasses of large animals were drifted into them ; 
and that men h&ve used them as places of abode or sepul- 
ture. Fragments of bones, mingled with clay, pebbles, 
shells, etc., cemented together with the carbonates of lime 
and iron, are frequently found filling fissures in the rocks. 
Such accumulations are called osseotis breccia; they are 
very abundant in the vicinity of the Mediterranean sea ; the 
rock of Gibraltar yields fine specimens. The bones of the 
breccia are referable to both extinct and recent species. 
The bone breccia of Australia has the same ochreous color 
as that in Europe has; its bones are all referable to marsu- 
pial animals, as the kangarooy wombat, dasyurus] &c. 

294. The fossils of this period are very numerous and 
various; shells, both marine and fresh-water, are found in 
great quantities beneath beds of gravel and boulders, and 
especially in beds of marl under the muck — decaying veg- 
etable matter — of ponds and swamps. The long clam, Mya 
arenaria, and the common oyster, Ostrea borealu, marine 
shellfish, are found in the deposits of this period far inland, 
and a very large majority of the shells belong to species 
ii^habiting the ocean of the present day. The immense 
accumulations of these shells, constituting layers many feet 
deep, indicate the lapse of a long period of time. In/t^ 
goria abounded at this period ; the silicious marl beneath 
peat swamps is almost entirely made up of these fossil 
skeletons. 

295. At this period the most gigantic of the existing 

* Mantell'fl Wonders of Geology, p. 169. 
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^nps of harbivoroiifl qnadrupeda were represented by 
allied species, wbioli had a very wide range of difiosion, 
and so~me of which had a special organization to enable 
them to enconnter a sererity of climate, Bach as nmilar 
animaJH are not at the present day designed to endnre, the 
elephants, for example, having been covered with hair. 
The animals which formerly ^oharacteiized the plains of 
Siberia and the high latitudes of the North American ooa- 
tinent are closely allied to the existing fauna of Northern 
Europe. 

29S. GTbe Mastodon (mcutos, nipple ; odovt, tooth,) is a 
genoB qnite distinct from the elephant and derives its name 
from the crown of the molar tooth presenting conical tu- 
bercles covered with enamel. It was a somewhat larger 
animal than the elephant, with fig. igg, 

a body longer in proportion. 
It was veiy widely diffused, 
its remains having been found / 
in Asia, Europe, and America, ] 
from the equator to 66° of 
north latitude ; it baa also an 
extended range in time, con- 
necting the Meiocene with the 

Pleistocene deposits, and con- lootb of the Uutmioo. 

tinning down nearly or quite to the epoch of man, oonoom- 
itaut in the latter periods of its existenoe with many speoies 
of animals which still survive. The temperate lone of 
the North American continent appears to be the locality in 
which it flourished ; it is there five times as numerous as 
the elephant. Its remiuns abound in the marshes whose 
waters are saline, called Lkks ; the skeletons have been 
found erect with the head thrown upward, as if the animal 
20* 
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had Bimk in the mire ; the stomach with ita contents of 
bruised twigs and leavaB has been fonnd, confiirming the 
concludon which the structure of its teeth had suggested, 
that it was an herbivorous animal feeding apon tough coarse 
Tegetable«, as the branches of trees. It is estimated that 
from the Big Bone JAck in Kentucky, the hones of one 
hundred mastodons, twenty- elephants, two oxen, two deer 
and one mcgalonyx have been extracted. Several very fine 
skeletons of mastodons are now in tlie cabinets of Europe 
and America. Fig. 137 presents a likeness of the most 
perfect skeleton yet exhumed. It was obtained at Kew- 
Flg. 157. 



burg, N. Y., in 1845, and presents nearly every hone per- 
fectly preserved; it is about twelve feet high, its tusks are 
fourteen feet long, and it weighs two thousand pounds. 

297. The JSammoth (from the Arabio beJiemoth, aigni' 
^ng elephant,) was a companion of the mastodon from 
the Eocene period to the close of the Pleistocene, at the 
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dose of Trhich, like the latter, it became extinct. It dif- 
fered from the moHtodon puTtiouIarlj in the diapoBitioa of 
the enamel of its teeth in vertieal plates or layers alterna- 
unting with softer boae. It differed from the two existing 
species of elephant — the Atrican and Asiatio — bat was 
more nearly related to the j^_ jgg 

latter. In the crown of the 
tooth of the Airican species 
the enamel is arranged in 
lozenge-shaped figures, as rep- 
resented at a Fig. 158; in 
the Asiatic species the enamel 
is in narrow transTerse bands, 
as at b; while the enamel in 
the tooth of the fossil species 

is similarly arranged in broad- ■ * « 

er bands, as at c. The remains of the fossil elephant are 
Tery numerous, occurring wherever the mastodon is found, 
but relatively much more abundant on the Eastern than on 
the Western Continent. Bones of more than five han- 
dled individuals are supposed to have ,becn found on the 
coasts of Norfolk and Suffolk in England, and they are very 
abundant in the shoals of the German Ocean. They have 
also been found in Ohio, Vermont, and other localities in 
the United States. But the most singular localities in 
which these fossils have been found are the frozen grav- 
els and clays at the mouths of riverB and along the shores 
of the Polar seas, in latitudes in which the existing species 
of elephant can not live. The skeleton of the fossil ele- 
phant fonnd in Siberia, described in § 124, closely resem- 
bles that of the Asiatic species, but its tusks are larger and 
more curved baukward. Its tusks weighed three hundred 
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the deer tribe were several Bpeeies of the genua Bot, of 
whieh one is supposed to be the great aoroch or wild bison, 
still living in the forests of eastern Europe. 

300. Besides the land mammalia, relics of marine 
J ' tribes of the class are found in the Tertiary^ in the Pleio- 

cenCi and perhaps in the Meiocene, but more abundantly in 
the Pleistocene^ in beds of drift in valleys traversed by 
rivers. The Cetacea are not fishes ; they breathe not by 
means of gillS; but by lungS; are viviparous and suckle, 
their young. 

I Pr. Harlan described the skeleton of an'animal of enor- 
mous size found in the Tertiary in Alabama, under the 
name of Basilosaurus supposing it to be a reptile; but 
Professor Owen has shown that it is a Cetacean, allied to 
the Dugong ^d Gacholot, and has assigned to it the name 

The skeleton of a whale seventy-two feet long has been 
discovered in a clay bed in Scotland, twenty feet above the 
j)resent high tide level. 

A portion of the skeleton of a whale which was sixty or 
seventy feet long, has been extracted from a cliff in Brigh- 
ton, England, associated with the remains of the mammoth. 

The skeleton of a whale thirteen feet long has been re- 
cently discovered by a railroad excavation in the blue clay 
of the valley of Lake Champlain, Yermont. 

801. The skeletons of several species of birds equal in' 
size to those which are supposed to have made the foot- 
prints upon the New Bed Sandstone, have been found in the 
recent deposits in New Zealand. They appear to belong to 
a group of which the Apteryx is a living representativp, 
which ard^tnore ponderous in propox^fi than the ostrich, 
and destitute of wings. They vary greatly in size, 
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Fig. 160. 




lome having attained 

the height of nearly 

twelve feet, while oth' 

era are quite amall. 

The struotnre of the 

Dinomis shows that it 

was, like the Apteryz, 

well fitted for rapid 

TUDaing. These birds 

appear to have been 

continued into the his- 
torical period; some 

of them have very . 

recently become ex- 
tinct ; their bones are 

foond in the state de- 
nominated sub-f09sil. "" BlDomf.. 

302. The climate of the period immediately succeeding 
the Drift appears to have been essentially the same as if 
now is. The deposits of arctic shells in the altered drift 
which were thought to indicate a low temperature, are quite 
limited and may be accounted for by the influence of polar 
currents; many of them are identical with those of species 
now living exposed to such currents on the present sea 
coasts. The existence of elephants, liona, tigers, hysenas, 
and similar animals found now only in tropical regions, in- 
dicates a mild climate in Great Britain and other parts of 
Europe where their remains are found in abundance. The 
elephants found in Siberia were clad with wool and hair, 
showing that they lived in a colder climate than their con- 
geners are fitted for at the present day; but the climate 
must have been milder than it is in those regions at present, 
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to have furnisbed suffioient food for sncb large animals a0 
the elephant and rhinoceros, and the supposition that it was, 
appears to be confirmed by the fact that large birch trees 
are found embedded in the sandy cliffs, beyond the seventy- 
fifth degree of north latitude in sufficient quantities to be 
used by the inhabitants as fuel, while only stunted shrubs of 
the same genus grow at the present day beyond the seven- 
tieth degree of latitude. 

THE ALLUVIUM. 

S03. The AUuvium embraces the recent and progressive 
formations, consisting of sands, gravels, clay, marls, vege- 
table and animal matter, which the rivers, lakes, seas, shell* 
beds and coral-reefs are constantly accumulating. These 
deposits are not distinguished from those which immediately 
precede them by any marked difference of characters, but 
through gradual, successive steps, they bring the history of 
the physical changes to which the globe has been subjected 
to the present time. They may be classified in accordance 
with their positions — as marine, fresh-water, and terres- 
trial. The period during which they have occurred is des- 
ignated the historic period — ^the age or re^n of man, 

804. The phenomena of raised beaches indicate recent 
extensive changes of level in the ocean ; such beaches, with 
their strewn sand, gravel, pebbles, shells, etc., occur in 
some instances hundreds of feet above the present ocean 
level. Some of the elevations have been sudden, and were 
witnessed by living observers, as on the coast, of Chili in 
1822, and the UUah Bund, (§§67, 68;) but others are more 
ancient, and were probably gradual. Along the coasts of 
the Mediterranean, ancient beaches covered with the shells 
of species of shell-fish living at the present time in the ad- 
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joining sea hxve been elevated fifty feet^ while the coasts 
of Sweden and Norway have been raised two hundred feet 
above the present level of the Baltic. Similarly located 
beaches or terraces are found near the ocean^ generally con- 
' forming to its present boundaries, in all parts of the world. 
Phenomena of a converse kind are presented by suhma- 
rine/orestSy which are beds of vegetable substances with 
the roots of the trees in the situations in which they orig- 
inally grew — ^now depressed several feet below the lowest 
tide ; as the trees belong to existing species, the depression 
is shown to be a geologically recent occurrence. 

305. Masses of sand, gravel, pebbles and clay, termed 
marine silt, have accumulated in many positions on the 
present shores of the ocean, through the influence of waves, 
tides and currents. The Isthmus of Suez is said to have 
gained thirteen miles in width within four thousand years ; 
the sites of the ancient sea ports Tyre and Sidon are now 
several miles inland ; and hundreds of square miles of dry 
land have been formed by the existing seas, in numerous 
localities, (§ 44.) Of the recent deposits made upon the 
bed of the ocean but little is known ; soundings, however, 
show that sand, mud, shells, corals, and vegetable substan- 
ces have been deposited by sub-marine currents on a scale 
which rivals some of the ancient strata. The Yellow Sea 
and the German Ocean have been shoaling at a very sensi- 
ble rate within the period of human observation ; the for- 
mer, it is estimated, converts a square mile into solid land 
in seventy days, or more than five hundred square miles in 
a century. 

306. Estuary deposits are peculiarly complex, since 
they are composed of marine and fluviatile silts, and em- 
brace organic remains derived from the ocean, fresh-water^ 

21 
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and the land. Tlie delta of the Niger may serve as an exam- 
ple : its base extends three hundred miles along the coast of 
the ocean, and consists of a beach of sea sand, with shells, 
corals and other marine remains; daring the dry season, 
and at a low stage of the water in the river, these marine 
deposits extend farther inland. The delta extends np the 
river one hundred and seventy miles, consisting of vast ex- 
panses of low lands, swamps, and mud islands, separated 
by branches of the river and stagnant pools. A rank 
growth of marsh plants covers much of its surface ; shell- 
fish and amphibious animals abound, atd contribute their 
remains to its accumulating strata. Like the delta of the 
Nile it is annually inundated, and deposits of mud and 
sand are made over the whole surface, mingled with the 
remains of the elephant, hippopotamus, rhinoceros and 
other tropical animals, together with a variety of corre- 
sponding plants. When this delta shall have been elevated 
beyond the reach of the waters, and become consolidated, 
its strata of confused and alternating marine, fresh-water, 
and terrestrial characters, will present appearances similar to 
those of the Tertiary and Wealden formations. 

Deltas are the most extensive of the accessible alluvial 
deposits; they furnish a connecting link between forma- 
tions now in progress and those of former geological eras. 

807. Lacustrine deposits include the mud, sand, marl 
and organic matter which have accumulated in fresh- water 
lakes of the present period ; these materials form succes- 
sive regular layers upon the bottoms of the lakes, indicating 
quiet, gentle deposition. Lakes have thus been filled up 
and formed fiat alluvial plains ; some geologists ascribe this 
origin to the prairies, pampas, and stqtpes. Some lakes 
have been partially or wholly drained by a more rapid pas- 
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sage of their waters through the outlets ; when this has been 
effected by distinct stages^ successive terraces are formed ; 
this is supposed to have been the origin of the lake ridges 
— ridge roads — they having constituted the ancient shores 
of the lakes. The circumstances of deposition of the fresh- 
water beds of the Tertiary^ Wealden^ and Coal series ap- 
pear to have been similar to those of lacustrine accumu- 
lations of the present era. Eivers have sometimes deposited 
their silt upon their bedS; and more frequently during 
freshets upon the adjacent valleys ; such deposits are more 
heterogeneous and irregular than those made in lakes. 

308. Of the various mineral substances chemically pre- 
cipitated from water, marl is the most abundant ; it is the 
carbonate of lime held in solution and in mechanical suspen- 
sion. It occurs in various degrees of purity ; when densely 
aggregated and sometimes crystalline in texture, it is called 
rock marl; when cementing together a mass of shells, 
sTieU marl} and when largely mixed with clay, cla^ marl. 
Marls are found most frequently in the deposits of lakes, 
ponds and swamps in limestone districts, in which calcareous 
springs abound. Immense quantities of this material are 
also conveyed by rivers into the ocean. '' A hard stratum 
of travertin/ * says Mr. Lyell, " about a foot in thickness, is 
obtained from the waters of San Eilippo in four months ; 
and as the springs are powerful, and almost uniform in 
the quantity given out, we are at no loss to comprehend 
the magnitude of the mass which descends the hill, 
which is a mile and a quarter in length, and the third of a 
mile in breadth, in some places attaining a thickness of two 
hundred and fifty feet. To what length it might havo 
reached it is impossible to conjecture, as it is cut off by a 
stream which carries the remainder of the calcareous matter 
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to the sea/' Waters holding silica in solution — ^hot springs 
-^-have deposited siltcious sinter; the hot springs of St. 
Michael have encrusted surrounding objects, and deposited 
layers of sinter several inches thick. Alumina is also 
sometimes similarly precipitated ; a mixture of precipitated 
alumina, silica and the oxide of iron has been obtained 
abundantly from Tripoli for use as a polishing powder but 
much of the trijpoli of commerce consists of the silicious 
shields of animalcules. The oxides of iron and manganese, 
gypsum, common salt, petroleum or asphaltum, etc., have 
formed extensive deposits ; they furnish many analogies by 
which the phenomena of similar beds in the older strata are 
illustrated. 

309. The pZanto embedded in the alluvium belong to 
existing species, and occur as gubterranean forests, peat" 
mosseSf and drift-toood. Subterranean forests occur in de- 
pressed valleys, and low alluvial plains, where trees stand- 
ing erect or overturned in the situations in which they 
grew have been invested with mud and sand ; the wood of 
these trees, though discolored, has been employed in the 
construction of houses in England. Bivers, ocean-currents, 
and tides have formed extensive accumulations of drift- 
wood in estuaries and deltas, and along the sea coast, par 
ticularly in sheltered bays. An instance of alluvial vege- 
table accumulation has been discovered by a section of a 
canal in Scotland. '^ At a depth of twelve feet from the 
surface of the fine alluvial sediment," says Professor 
PhiHips, " a quantity of hazel bushes, roots, and nuts, with 
some mosses, fresh-water shells, and bones of the stag were 
met with. In some parts of the sediments an English coin 
was found, and oars of a boat were dug up. Where a little 
water entered this peaty and shelly deposit from the adja> 



THE ALLUVIUM. 245 

cent limestone, it produced in the wood a singular petrifac- 
tion; for the external bark and wood were converted into 
carbonate of lime, in which the vegetable structure was 
perfectly preserved. In like manner some of the nuts were 
altered ; the shells and the membranes lining^ it were un- 
changed; but the kernel was converted into the carbonate 
of limC; not crystallized, but retaining the peculiar texture 
of the recent fruit. In this particular case no reasonable 
doubt can exist that the peaty deposit, full of land-mosses, 
hazel-bushes, and fresh-water-shells, Was water-moved, and 
covered up by fine sediments from the river and the tide.'' 
810. But the most extensive vegetable deposits of the 
alluvium Bre peat-mosses, which cover hundreds of square 
miles, and are sometimes forty feet thick. Ptat consists of 
mosses, especially the sphagnum palustre, rushes and other 
aquatic plants, together with the trunks, branches, and 
leaves of trees. Peat swamps occupy the sites of ancient 
lakes and low woody districts, in which obstructions to the 
drainage have caused swampy morasses, destroying the for- 
est trees and favoring the growth of aquatic mosses. The 
sites of many of the aboriginal forests of Europe are now 
covered by mosses and fens. Fallen trees by obstruct- 
ing the drainage of a district have produced peat-bogs ; the 
prostration of a forest by a tornado about the middle of the 
seventeenth century produced a peat-moss, which at the be- 
ginning of the eighteenth century yielded peat for fuel. 
Peat swamps possess eminent antiseptic power; the bodies 
of men and other animals buried in them have been pre- 
served for centuries. The most ancient peat-mosses belong 
to the alluvial period ; this is known by their conforming to 
the present configuration of the land, and by their contain- 
ing the remains of vegetable and animal bodies belonging 

21* 
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escltmvelj to existing species. The changes which occur 
in peat-beda illustrate the formation of coal; a trae bitu- 
minous coal has been foand in a peat-bog in the Stat« of 
Maine, several feet below the surface amidst the remaJiiB 
of logs of wood, (§ 144.) 

311, The remains of antmah belonging to the species 
still living or verj recently extinct, are characteristic of 
the Alluvium J among these remains the ezDvite of shell' 
fish and coral zoophytes are, as thej were in the older for- 
matioas, most abundant. Immense banks of dead AelU 
have been drifted together bj tides and currents; soma of 
Fig. 161. 



tjiem remtun loose and are worn by the waves, while others 
are cemented together by tbo carbonate of lime into a 
shelly limestone or sandstone. Fig. 161 represents a por- 
tion of a block ta^en from a bank of consolidated sheila, 
in the progress of formation in the English channel near 
the mouth of the Thames ; it is sufficiently firm to admit 
of being cat and polished; the bank consists mostly of one 
species, having lived gregariously, as do oysters and mns- 



TSI ALLimUBI. 247 

sell. Corai neh irith their accumulated debna coDBtitate 
thonaaodB oi square miles of the Bor&ce of the earth, 
(§ 7^>) ''i^ form an aggregate of oaloareouB matter equal 
te the limestones of the older formatioaa. The remains of 
fishes, reptiles, birds and mammalia, which are included in 
allnvial deposits, though oomparativel; few in nomber, ars 
highly indicative of the circumstances in which they lired. 
312. Some genera and species of animals hare beoom« 
extinct during the allavial period ; this may haTo been tho 
case with tlie great Irish Elk, tho Kastodon, the Dinomis and 
others ; but there is one example of extinction which baa 
occurred within the period of authentic history. The Dodo, 
a bird of the gallinaceous tribe larger than a turkey, 
abonnded in Mauritius and adjaoent islands, when first col- 
onized by tho Dnteh, mora pig. mg, 
than two centuries ago. It , 
b now entirely extinct. The ' 
stuffed skins formerly in | 
European Cabinets have de- 
cayed, and the only relics 
of them are a few frag- 
ments of the harder parts, : 
as the head and feet, in the '. 
British Mueenms. Tho j 
bones of the Dodo have | 
been found fossil in a tufa^ 
oeous deposit in the Isle of ■"* J*"*"- 
France. The Apteryx, so called because destitute of wings, 
is a rare bird liying in New Zealand. It differs from moat 
birds in many particulars of its organization. It appears 
to be almost extirpated, and several of its congeners are 
thonght to have recently become extinct. 
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813, The temwna of man, ^ jgg 

are found oalj in the neweat de- 
poaitB, nor is there any reason 
tot supposing that he existed 
at an earlier period, since if he 
had, some vestiges of his ezis- J 
tence would have been perpet- 
uated. Cuvier olMerves that TheAptom. 
the bones of men in ancient battle fields weie as well pre- 
serred as were those of the horses buried with them ; and 
much frailer substances than human skeletons have been 
fossilized in very ancient rocks. The skeletons of men, as 
well as various works of art, have been found in the allu- 
vium. The discovery of human skeletons in limestone has 
been referred to in § 91 ; they were found on the north- 
east coast of Guadaloupe in a bed of rapidly accumulating 
limestone, oonaisting of fragments of corals and shells, 
Fig. 164. 
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with sand cemented together by the carbonate of lime. 
The shells and corals belong to existing species, aud the 
pieces, of pottery and implements found with the skeletons 
identify t&e oeriod of theii deposition as historically reoeuL 
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The eoDJecture that man's remains will be found in the 
older rocks of Asia where the race was first introduced, 
is shown to be groundless by the fact that the organic 
contents of Asiatic rocks are known to correspond with 
those of the rocks of the same age in other parts of the 
world. 

314. The superficial stratum of the earth's Bwc&Lce in 
which plants grow is denominated soil; it consists of mi* 
nute fragments of rock — gravel, sand, clay, together with 
portions of decomposed vegetable and animal matter. It 
varies in thickness, never exceeding however a few feet. 
The fragments of which it consists, have either resulted 
from disintegration of the subjacent rocks or have been 
transported from the localities in which they were broken 
up. The mineral mass lying immediately beneath, and 
destitute of vegetable and animal substances, is called svh" 
soil. Soils are designated according to their predominant 
mineral ingredients, as sandy, graveUy, loamy , clayey or 
calcareous. The soil not only furnishes subsistence to veg- 
etable and animal bodies but protects the surface of the 
earth from rapid wearing ; an unprotected surface is wasted 
by every shower, while even light sands are secured from 
abrasion by vegetables growing upon them. 

315. Atmospheric and aqueous agencies exerted during 
the alluvial period^ have produced the most recent modifi- 
cations of the earth's features ; the forms of mountains and 
valleys have been losing their sharp angles, and become 
undulating. Caves, which were originally fissures in lime- 
stone rocks, have been greatly extended by the eroding 
action of water. The great Kentucky Cave has been traced 
ten miles in one direction, without finding any termination ; 
it has also very extensive lateral branches. A similar action 
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in gorgei and valleys occasiouall; presents the phenomena 
of natural hrtdgeg, of which a remarkable example ii fonnd 
in Virginia. It cooaiata of a magnificent arch of limeBtone 
Epnnning the Cedar creek. Its height above the stream is 
Fig. 166. 
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two hnndred and fifteen feet; its length ninety-three feet; 
its vidth eighty feet, and its thickneaa fifty-five feet 

816. tThe produoU of iyaeoas agency during the allu 
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fial period are numerouB and extensive beds of Uto, toI- 
caDio ashes, scoriie, sand, sulphur, etc. New Tolcanlo oraten 
have arisen, as Jorullo, in Mexico; while others hare 
ceased to erupt. Earthquakes have prodnoed great distnr- 
buioea of the earth's crost, and varions portions of the sur- 
face have been elevated and depressed. Man; mountain 
Sig, 166. 



peaks show, by their forms, and by the lava upon their 
sides, that they ore volcanic vents, though they have been 
long dormant, and can not be with oertointy assigned to 
the allQvial, or period of active volcanoes. 



CHAPTER I. 



THEORETICAL GEOLOOY. 

817. Hitherto the facts respecting the strnctore of 
the earth's crusty the nature of the materials and the order 
of their arrangement^ have been detailed, constituting 
Descriptive Geology ; but Otology when perfected embra- 
ces an enunciation of the laws, in accordance with which 
the successive changes the earth has undergone, and its 
present condition have been produced. This department 
of the science is termed Theoretical, or Physical Geology. 
Sir John Herschel observes, ^'The first thing that a 
philosophical mind considers, when any new phenomenon 
presents itself, is its ea^lanatxon, or reference to an imme- 
diate producing cause. If that can not be ascertained the 
next thing is to generalize the phenomenon, and include it, 
with others analogous to it, in the expression of some 
law." * 

A theory is a philosophical explanation of phenomena, 
deduced from principles which have been established by 
independent evidence ; while an hypothesis rests solely on 
the satisfactory explanation of the/ phenomena, which it 
furnishes. These terms are, however, frequently used 
synonymously, and some modes of explanation deemed 
theories may by the progress of science be shown to be 
untenable by hypothesis. 

* Herschers Discourse on the Study of Natural Philosophy. 



TSEORIES OF THE PBIFT. 253 

818. Creology is an indactive science based upon the 
observation of factS; and if the theories adduced to account 
for the phemomena are shown to be untrue or insufficient, 
the facts still remain unimpeached. Geological theories 
relate principally to the modes of action of tiie two 
great agencies aqueous and igneous. It has before been 
stated (§ 13,) that geologists are divided in opinion respect- 
ing the intensity with which these agents have operated in 
different periods; and while they agree in attributing the 
stratified rocks to deposition from water, in particular modes, 
the phenomena of the Din/t have given rise to several theo- 
ries. Diverse modes of explanation have also been pro- 
posed to account for the phenomena of volcanoes, and the 
elevation of mountains and continents. All correct reason- 
ing in natural science is based upon the uniformity of na- 
ture's laws ; a conviction of this uniformity is unceasingly 
impressed upon the mind by experience and observation. 

THEORIES OF THE DRIFT. 

319. No part of Physical Geology is so unsettled as 
that which relates to the dispersion of the Drift. It was 
formerly imputed to the agency of powerful currents of 
water alone, and by many it was ascribed to Noah's deluge. 
Thid was the view entertained by Dr. Buckland when he 
wrote his Reliquise Diluvianas. But the short period of 
that flood and the absence of man's remains and works, 
with other considerations, have led to the universal aban- 
donment of that view. The agency of water alone is now 
regarded as inadequate to account for the phenomena i they 
are attributed to the joint action of ice and water. Three 
theories are advocated by diflferent writers on the subject 

320. The iceberg theori/, supposes that the polar regions 

22 
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of the earth weise depressed beneath the ocean before the 
drift, and that during that period icebergs loaded vrith grarel 
and fragments of rocks were transported by currents, in- 
flicting scratches and grooves upon the rocks over which 
they passed, and melting in lower latitudes deposited the 
materials they had conveyed. 

It is urged in fiivor of this theory that such an agency 
is now witnessed in the phenomena of icebergs bearing^ 
thousands of tons of earth and rocks, transported by polar 
currents, as far as the drift extends. The stranding of the 
icebergs with fragments of rock frozen in them, is thought 
to produce striae and furrows upon the bottom of the ocean 
like those of the drift. 

It is objected to this theory that the boulders of ice- 
bergs are brought from high latitudes, while those of the 
drift appear to have been derived from neighboring moun- 
tains and ledges; the parallelism and uniformity of the 
strisB are not adequately accounted for ; and the highest 
portions, as mountain tops, alone should have been furrowed 
and striated, since icebergs that would float over such 
heights would not reach to the bottom of the valleys, 
whereas the scratches are common in the plains and 
valleys. 

321. The elevation theory attributes the phenomena to 
numerous elevations of the earth from beneath tho polar 
seas, repeated for successive ages, sending enormous waves 
toward the equatorial regions bearing icebergs, with their 
boulders and earth, and urging before them the loose mate- 
rials lying upon the surface ; the striae were produced by 
fragments of rocks in the bottoms of immense masses of ice 
which may have been forced up steep declivities. 

The arguments in favor of this theory are, that such 
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Upheavals of ibe bottom of the oooan are known to oecar, 
as in the elevation of Sabrina, Graham's Island, in the 
Mediterranean sea, and the Aleutian Islands, (§ 60 ;) that 
waves caused by earthquakes have great power to prostrate 
and transport heavy bodies ; and that, as the surface of 
the continents, the mountain ridges and valleys, were essen- 
tially the same in form and direction then as now, the origin 
of the action must be sought for out of the country, and the 
direction of the drift dispersion indicates that the localities 
elovated were about the poles. 

It is objected, that so' numerous and extensive elevations 
as the theory requires, are improbable ; that the phenomena 
of the drift indicate prolonged action, while such vertical 
movements are transient ; and that the parallelism of the 
striao on the rocks is not accounted for by moving fields 
of ice buoyed up by water, and conveyed by currents which; 
instead of passing up mountain sides and over their sum- 
mits, would have swept around such obstacles. 

322. The glacier theory supposes that the climate, 
which in the Tertiary period had been so warm as to allow 
the palms to grow within the temperate zones, became much 
colder, causing enormous sheets of ice — ^polar glaciers — to 
advance fSeur beyond their previous limits, moving along the 
surface by alternate advance and retreat, rounding, polish- 
ing and striating the rocks, and afterward when melted 
depositing their loads of boulders and detritus, where the 
drift is now found. In Europe the center of expansion is 
supposed to have been the Scandinavian mountains, and in 
North America in the polar regions, from which the glaciers 
advanced southerly. 

The advocates of this theory contend that the phenom- 
ena of glaciers as witnessed in the Alps (§ 32,) are perfect 
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miniature representations of the drift— 4ts strisB; forroirs^ 
boulders and moraines; that the elevation of extensive re- 
gions in high latitudes, like those of the Cordilleras in 
Mexico, and t-he high plains of Central Asia, would pro- 
duce such a reduction of temperature as to cause immense 
glaciers, even thousanids of feet in thickness. This theory 
is advocated by Prof. Agassiz. 

The principal objection to the glacial theory is that gla- 
ciers are at present entirely confined to valleys, and the 
origin of such an enormous sheet of ice as it contemplates 
is altogether hypothetical. 

323. Neither of these theories is deemed quite satisfac- 
tory ; the proximate cause of the phenomena is very gener- 
ally supposed to have been ihe joint action of ice and 
currents of water, but their origin and exact modes of 
operation are not determined. 

THEORY OP VOLCANOES. 

324. The cause of volcanic phenomena — eruptions^ 
earthquakes, and elevations and depressions of portions of 
the earth's surface — ^has been the subject of much discus- 
sion. The prevalent theory on this subject supposes the 
whole earth, with the exception of a crust fifty or one 
hundred miles thick, to be in a melted state ; that eruptions 
are produced by the access of water through crevices to 
this heated mass, which causes steam and other elastic 
bodies to force out through craters and fissures, lavas, 
scoriae, sulphur, and other volcanic products ; and that the 
whole globe has formerly' been in a state of fusion, the 
present crust having resulted from the cooling of the sur- 
face. 



THEOI^T 07 YOLOANOES. 257 

325. In favor of this view it is urged — 

1. That the temperature of the earth below a certain 
depth; as tested in mines and Artesian wells; conttnoally 
increases as we descend (§ 5,) at an average rate of about; X? 
for fifty feet; which would at a depth of a little more than 
a mile give the temperature of boiling water, and at a depth 
of about fifty miles, would be adequate to the melting of 
any known rock. 

2. The spheroidal form of the earth is thought to indi- 
cate that it has been in a fluid state ; and, if so, it must 
have been through the. agency of heat. Sir Isaac Newton 
has shown that a body having the size and density of 
the earth; revolving on its axis with the rapidity it has^ 
would; if its particles were free to move, assume its oblate 
spheroidal form. 

3. The numerous extensive volcanoes, whose origin is 
deep seated; which communicate with each other over vast 
areaS; and the masses of whose lavas thrown out at a single 
eruption sometimes . surpass the bulk of the mountains in 
which their craters are situated; (§ 54;) require an enormous 
mass of heated matter ; if the interior is in a melted state 
the materials are abundant; and their extrusion may be 
produced by the pressure of steam and other elastic bodieS; 
or by the contraction of the crust upon the melted mass. 

4. The phenomena of hot springs, deep Artesian weUs, 
and the increase of temperature generally; as we descend 
beneath the surface; are adequately accounted for by this 
theory. 

5. The ttltra tropicdl character of the climate, and its 
great uniformity during the periods of deposition of the 
earliest fossiliferous rooks, have been attributed to this 
origin. 

22* 
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6. The rocks constipating the crust of the earth have 
been melted; the characters of the unstratified rocks show 
that they have undergone no change since they cooled from 
a state of fusion, and the stratified rocks consist of frag- ' 
ments of the unstratified, and have therefore been melted. 

7. The phenomena of earthquakes, their great extent 
And violence, are accounted for under this theory, by the 
undulatory motion of the earth's crust in consequence of 
the expansion of gases within, or of undulations in the 
molten mass. 

826. It is contended by objectors to this theory — 

1. That the high temperature of the earth as we de- 
scend in it may be accounted for by chemical action, or by 
condensation of the air. To this it is replied that the phe- 
nomena occur where neither of these causes are adequate 
to their production. 

2. It is objected that the temperature of the ocean is 
lower at great depths than at the surface. But strata of 
water arrange themselves in accordance with their specific 
gravities, the warmest rising to the top, and the crust of the 
earth is no thinner beneath the ocean than where it consti- 
tutes dry land. 

8. Again it is objected that if the interior is intensely 
hot it should melt the crust with which it is in contact, or 
if not much hotter than the point of fusion at the time the 
crust consolidated, subsequent cooling should have caused 
it to solidify ere this. To which the advocates of the theory 
reply that the perfect non-conducting property of the crust 
prevents the escape of the heat. Baron Fourier has shown 
that the eifect of this internal heat upon the surface is not 
the y^7 of a degree at present, and that the temperature has 
not fallen during the last two thousand years more than the 
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tIt P^'^ ^^ ^ degree. Ourrents of lava after acoumulating 
a crust have been known ta remain fluid within for many 
years, (§ 62.) 

327. Another theory proposed to account for yolcanic 
action, supposes there are extensive repositories of mdud 
rocksy sufficient for the phenomena of yolcanoes, while the 
great interior mass is solid ; but most of the objections to 
the last theory are equally pertinent to this, and some of 
them apply with much greater force. 

828. Sir Humphry Davy proposed to account for voU 
canio action by the hypothesis that the internal parts of the 
earth contain great masses of the metallic bases of the 
alkalies and earths — ^potassium, sodium, calcium, alumi* 
nium and magnesium — which on coming in contact with 
water decompose it, and produce vivid combustion. This 
hypothesis, though abandoned by Davy, has been advocated 
by others, and is not necessarily inconsistent with the doc- 
trine of central heat ; but the magnitude, univ^sality and 
perpetuity of volcanic action indicate a more uniform and 
extensive source. By some Geologists, electricity is sup- 
posed to aid in the production of volcanic phenomena, and 
a remarkable concordance has been discerned between the 
prevailing direction of strata, and the curves of equal mag- 
netic intensity, but our knowledge of its modes of opera- 
tion is as yet quite imperfect. 

329. The gradual elevation and depression of portions 
of the surface of the earth, as the rising of the coasts of 
the Baltic and the subsidence of Greenland, (§ 68,) are 
attributed to the expansion and contraction of the rocks in 
consequence of changes of temperature. It is ascertained 
by experiment that different rocks are expanded unequally 
by the same increase of temperature; granite less than 
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marble; marble less tban slate | and slate less than sand* 
stone. An increase of temperature of 600^ applied to ten 
miles thickness of the earth's crust would elevate the sur- 
face -two hundred feet; and a similar diminution of temper- 
ature would cause a corresponding subsidence. 

330. The ^evatixm of Tnountain chains is usually as- 
eribed to violent volcanic uplifting agency; but some 
writers account for it by the collapse of the consolidated 
crust upon the contracting mass within, some portions of the 
crust rising in ridges, while others sink beneath its former 
level, thus increasing the relative height of the ridges. A 
modi^cation of this view attributes the elevation to a pit- 
catiorty or folding of the strata, in consequence of horizon- 
tal or lateral pressure. 

331. M. Elie de Beaumont contends that all mountain 
ranges which are parallel to each other, were elevated at 
the same time, even when situated remote from each other. 
The period at which a range was elevated is determined in 
accordance with principles illustrated in Fig. 62, § 103 ; 
for example, the Chalk series are found inclined upon the 
flanks of the iPyrenees, showing that they were deposited 
before those mountains were thrust up, while the lowest of 
the Tertiary rocks are not thrown out of their horizontal 
position; the epoch of the upheaval of the Pyrenees was 
therefore at the close of the Cretaceous, and antecedent to 
the Tertiary period. By the same test the Apennines are 
found to date from the same epoch, and the two ranges are 
nearly parallel. The same is found to J)e true of many other 
ranges at various periods, and hence Beaumont ilerives his 
generalization that parallelism indicates contemporaneity. 
He makes twelve systems of elevations in Europe, the first 
of which is the system of Westmoreland, in England, and 
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of ihe Htmsdnick on the Continent^ which was -thtown up 
daring the Silurian period^ being the oldest upheaval as yet 
identified upon the globe; and the last is the system of the 
Principal Chain of the Alps^ which was elevated aftei* the 
dose of the Tertiary period; being the last great convul- 
sion to "which Europe has been subjected. Five or six 
systems have been assigned to the American Continent, of 
which that of the Andes is the most recent, its upheaval 
having occurred, as Beaumont supposes, in the historical 
period. These views, though generally received with favor 
by Geologists, require confirmation; if they can be shown 
to be correct, their guidance will greatly facilitate geological 
research. 

THEORY OF VEINS. 

332. It is generally supposed that most veins were 
injected in a fluid state into fissures in both stratified and 
unstratified rocks; some veins have been traced to large 
masses of the same materials, whose former fluidity through 
the agency of heat is deemed demonstrable. 

It is however admitted that some veins are contempora- 
neous, with the rocks in which they are included, having 
been separated by chemical s^regaiion, (§ 106,) as the 
flints were separated from the chalk, and, the garnets from 
the mica-slate ; in such cases they are entirely included in 
the rock. 

The materials of some veins appear to have been sub- 
limed into fissures, studding the interior with crystals. An 
experiment has been instituted to test the correctness of 
this view of the origin of veins. Lead ore (Galena) was 
sublimed through steam of water in an earthen tube, and 
condensed in cubical crystals in the colder parts of the 
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tabe ; boracio acid was sablimed and condensed in the same 
manner. 

838. By some Geologists veins are supposed to have 
been formed by the chemical changes that may have taken 
place under the inOuence of electriccU corrents in the inte- 
rior of the earth ; the experiments of M. Becquerel on the 
insoluble oompounds of copper^ lead^ and limoi show that 
many crystallized bodies, hitherto found only in nature, 
may be artificially formed by the long-continued action of 
fery feeble' electrical currents, and Mr. Fox accounts for 
the superior richness of metallic veins running east and 
west, by the electro-magnetic currents circulating in that 
direction, decomposing metallic compounds and transferring 
their dements to a considerable distance in the rocks. 

COSMOGONY. 

884. The Soienoe of Geology does not famish the 
means of determining in what state the materials of the 
earth were when created, nor can it assure us that those 
materials have not undergone many important changes, of 
which we have no indications. Conjectures, however, have 
been formed respecting the earliest conditions of created 
matter. A prevalent hypothesis supposes matter to have 
been created in its elementary forms ; chemical attraction 
caused many of these elements to combine with each other; 
this rapid chemical action-— Ksombustion — evolved sufficient 
heat to vaporize a large portion of the substances ; subse- 
quent radiation condensed the vapors to a liquid state, and 
a solid crust accumulated upon which the waters of the 
atmosphere were precipitated, bringing the phenomena 
within the province of positive Geology. 

885. The plausibility of this hypothesis is argued from 
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its accordance with the known laws of Chemistry, and As- 
tronomical analogies. Comets and some nebulae present 
matter in an exceedingly attenuated state, so that stars can 
be seen through the former in some instances with scarcely 
any diminution of lustre j and some of them, it is thought, 
are becoming gradually more dense at their centera. The 
moon presents the appearance of a globe with its surface 
shaped by igneous agency. Its mountain peaks rise more 
than four miles in height, and some of its volcanic craters, 
which are one hundred and fifty miles in diameter, have 
their bottoms depressed more than twenty thousand feet 
below the general surface. These craters very closely re- 
semble in form, terraces, etc., some of the earth's volcanoes, 
especially Ealauea, (§ 58.) As there is no water upon the 
moon, and a very rare atmosphere, if any, no stratified de- 
posits exist, nor are the characteristic e£fects of volcanic 
action obliterated, but it presents to us such an appearance 
as Geologists assign to the earth in the primary period, be- 
fore the agency of water modified its surface by wearing 
the igneous rocks and depositing strata of the detritus. 



CHAPTER II. 



PEAOTICAL GEOLOGY. 

336. By Practical or EcorvomicaC Geology is xinder- 
stood an exhibition of the facts of the science obtained by 
observation, and the laws deduced from the facts by gener- 
alizatioD, with reference to their immediate application to 
the wants of society. Its importance can not indeed be 
adequately estimated by monetary tables, since its effects 
on mind in stimulating intellectual activity, and inducing 
wholesome mental discipline, are no less valuable than what 
it has accomplished for the comforts of society and the in- 
terests of commerce. But its cash value is distinctly ap- 
preciable. Mr. Miller states, in his " Old Bed Sandstone,'' 
that the time and money squandered in Great Britain alone 
in searching for coal in districts where the well-informed 
Geologist could have at once pronounced the search hope- 
less, would much more than covpr the expense at which 
geological research has been prosecuted throughout the 
world. The Old Bed Sandstone, the Silurian rocks, and 
talcose and mica-slates have been bored for coal, where the 
author just quoted remarks, ^^ there might be some possi- 
bility of penetrating to the central fire, but none whatever 
of reaching a vein of coal." 

337. Not only is the physical condition of a country 
influenced by its geological structure, but the occupations 
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and habits of its inHabitants are almost ezcliuiively deter- 
mined by it. A good geological map of a coantty is the 
best index of the relative values of its districts for partio- 
oular ^eonomioal purposes. 

Practioal Geology relates particularly to the processes 
of Mining J Engin.eering and Architecture^ and Agricid' 
tare; it depends principally upon the fiu^t that minerals 
which are usefiil for practical purposes are found only in 
certain geological formations. 

338. In mining for most metah Geology indicates the 
primary and metamorphic rocks^ the junction of the strat- 
i&ed with the unstratified rocks^ ai3 the most promising 
fields of' search. 

. Gold and PltUinum are found not as ores, but nati-ve 
metah in quartz rock and talcose slate. They are how- 
ever obtained from the drift and alluvium^ which consist 
of the detritus of these primary rocks. 

Silver occurs as a sulphuret and a chloride in the pri- 
mary and transition slates ; it is tdso associated with me- 
tallic copper. 

The principal ore of Mercury — ^the sulphuret — ^is found 
in mica-slate and in the New Bed sandstone. 

The ores of* Copper — ^the sulphuret^ the oxide^ and car- 
bonate — are found in the primary rocks^ and in connection 
with trap dikes in the secondary; copper is also found na- 
tive in these situations. ' 

Lead ore is the sulphuret — galena ; the unstratified and 
stratified primary rocks^ the metaliferous limestone, and the 
secondary rocks as high as the lias, are its repositories. 

The sulphuret of Zinc — ^zinc-blende — and the carbon- 
ate of zinC; are found in the Transition and Secondly 
series. 

23 
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Tin, AtUimony, BiamtUh, OobaUf Arunie, Manganese, 
etc.; are fonBd in the oldest rocks. 

j&on occurs in all formations^ in quantities and forms 
adapted to working; but the iron ores of the older roeks are 
the most TaloaUe. 

The metals are usually found in veinS; but sometimes 
they^oonstitate true bedS; and are also diffused in fragments 
through a rock; as in the drift; oi: alluvium. Veins follow 
certain courses relatively to the principal axes of elevation 
of the country ; they are often interrupted by cross veins 
and dikeS; and thrown either up or down. The veins con- 
taining metallic ores are called lodes; those not metalifer- 
ous; cross courses. The inclination of the vein to the hori*- 
zon is called its underlie^ hade or slope ; and its intersection 
with the surface; its direction. The practical Geologist is 
enabled to determine these; and map them out so as to 
guide the miner to the readiest and most economical method 
of developing the ore. 

»339. True bituminous coat is found <mly in the carbo- 
niferous system of rockS; and in a certain part of the sys- 
tem only ; all search for it in other positions has proved 
fruitiess. Beds of lignite do occur in the OolitC; LiaS; and 
Tertiary, but they are rarely worth working. Anthracite^ 
which is coal deprived of bitumen; is sometimes found be- 
low the carboniferous series. Masses of bituminous matter 
sometimes occur in the Old Bed sandstone with markings 
80 similar to the vegetable impressions on the carboniferous 
sandstones; as to deceive an unpractised eye; but the 
groups of fossils are characteristic of the formations and 
enable the Geologist to discriminate them. Dislocations 
of beds of coal and strata associated with them are singu- 
larly frequent; and the faults are so complicate as to require 
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mQch geological knowledge .and experience to aid the miner 
in recovering his lost seams. The most successfnl modes 
of draining and ventilating the mines are also indicated by 
the practical Geologist. 

840. The diamond^ which is pure crystallized carbon, 
and is supposed by many Geologists i)o be of vegetable 
origin, has been found in the talcose slate, and the New Bed 
sandstone ; the rocks with which it was associated indica- 
ting the agency of heat. The precious stones, emerald, 
ruby, sapphire J tcpaz, camdiartj tourmaline, gamety etc., 
are found in the. igneous unstratified rocks. The gems 
are frequently obtained from the drift, together with gold 
and platinum, having beeoi removed from -their original 
positions by the abrasions of the older rocks. 

341. A knowledge of Geology is highly important to 
the engineer and architect. '^It is in proportion to his 
acquaintance with Geology and Mineralogy,'' says Mr. 
Cresy, ^^ that the Civil Engineer is rendered skilful in the 
formation of roads, canals^ harbors, building of bridges, or 
forming foundations of any kind, and draining; wherever 
the scene of his labors may lie, he can not be entirely suc- 
cessful, without a careful consideration of the various strata 
composing the earth's crust. When Smeaton was called 
upon to construct the Eddystone Lighthouse, he commenced 
by examining the structure of the rock on which it was 
to be based, and as far as possible to endeavor to imitate 
nature in his arrangement of the courses. Had the build- 
ers of the Leaning Tower, at Pisa, been equally careful, or 
had they been acquainted with the composition of the earth 
on which they laid their foundations, the world would never 
have had the opportunity of supposing that its inclination 
was the effect of design, instead of th? consequence of an 



268 sftAcmoAL osoLoor. 

insecore base^ which might have been ^OBSolidatedj by 
^art ; had the alluyial matter on which the footbgs are laid 
been converted into a mass of conglomerate or artificial 
rock, this famed Campanile would haye stood as npright as 
the Eddystone Lighthouse. ' For all the pnrposes of build- 
ing, it is necessary that the constructor should be acquainted 
with the formaMon and properties of die matter with which 
he has to deal; he should understand the cause of the du- 
rability of a substance, whatever it may be, ^ well as wh&t 
disintegrates or destroys it.""*^ 

A lithological map of a country delineating its various 
strata, their dip and strike, is an efficient guide to the En- 
gineer in locating public works, estimating their expense; 
and procuring the materials for their construcMon. 

342. One of the most important uses to which minerals 
are applied, is for' architectural purposes. The character 
of the material requires to be adapted to the circumstances 
in which it is used, in order to secure durability; some 
rocks disintegrate rapidly in consequence of expansion 
and contraction from changes of temperature, and others 
are destroyed by absorbing water from the atmosphere, 
which expands in freezing. The importance of the dura- 
bility of materials has been much neglected in modem 
architecture. Mr. Ure remarks that, "such was the care 
of the ancients to provide strong and durable materials 
for their public edifices that but for the desolating hands 
of modem barbarians, in peace and in war, most of the 
temples and other public monuments of Greece and Home 
would have remained perfect at the present day, uninjured^ 
by the elements during two thousand years. The contrast 
in this respect of the works of modem architects, especially 
* Encyolopsedia of Civil Engineering, by Edward Cresy, p. 617 
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in Qteat Britain, is .very humiliating to those who boast bo 
loudly of social advancement; for there is scarcely a public 
building of recent date which will be in existence a thou^ 
sand years hence.'' This frailty of public structures is 
equally conspicuous in the United States. 

343. Chanite, SyenUe and Porphyry are valuable ma- 
terials for building. To adapt them for this use they 
should be fine and uniform in texture^ as the coarser va- 
rieties are not so coherent. They should be free from 
metallic bodies, especially iron pjrrites — sulphuret of iron— 
which, on exposure to moist air, rust, discolor; and disinte- 
grate the rock in which lliey are embedded. These rocks 
usually harden after removal from the quarry and exposure 
to iJie air; their geological position is in the Primary series, 
but they occur intruded as dikes and veins in th6 more 
recent strata. 

The varieties of l^rap and BoidltKrQ used for building ; 
the natural faces of the basaltic pillars require no dressing 
to fit them for the purpose, and the sombre hue of the fer- 
ruginous varieties is adapted to some styles of architecture. 
These igneous rocks are associated with the Secondary series 
of. strata. 

The Lav(M of the Tertiary and the Alluvial periods, 
are also used, but are frequently not sufficiently firm and 
compact for this purpose. 

344. Sandstones usually consist of grains of quarts, 
with some admixture of other minerals, as feldspar and 
mica; some are cemented together with carbonate of lime, 
and are called calcareotu, others with clay, "and are denom- 
inated argillaceous* Their colors, yellow, brown, red or 
black, are principally due to the compounds of iron. They 
occur in strata of all the geological series, and are, there- 

23* 



270 mAonUAL qeologt. 

fore, widely diffuBed and easily accessible- They aie ex- 
tensively employed, frequently under the name of free- 
stones. To fit them for this purpose they should be free 
from iron-pyrites, iron sand, or any substance which will 
on exposure to the weather undergo diemtcal change. 
Some sandstones, are worthless for ordinary building pur- 
poses, falling to pieces as soon as they dry, but are yery 
firm while kept beneath the surface of water or in the 
ground. Sandstones which absorb much water wiU not bear 
exposure to frost. This may be tested by immersing them 
in water and exposing to frost, or in a saturated solution 
of sulphate of soda-^G-lauber's Salts-Hind drying in the 
air ; in the latter case, if much of the solution is absorbed 
the crystallization of the salt will produce the same disin- 
tegrating effect as the frost would. 

The Conglomerates and Breccias are not so well adapted 
to architectural purposes as the rocks which are finer and 
more uniform in structure. 

345. Limestones have always been highly esteemed for 
building and various other purposes. They are very abun- 
dant, occurring in all the^ series from the statuary m^ble 
of the priihary to the marls of the alluvial. They are 
either granular or compa^st in texture ; the former furnish- 
ing the firmest and finest marbles. When pure they are 
white, but they are often clouded with bladk mica or some 
metallic compound. These are found in the vicinity of 
the igneous rocks, to which they are supposed to owe their 
crystalline texture. The finer varieties of marble are said 
npt to be exceeded in durability by any other rock used in 
architecture. Somo of the compact varieties of limestone 
are easily wrou^t, are susceptible of polish, and are well 
adapted to building purposes. 
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S^lateg are much used for roofing. Tlxey should be 
homogeneous and fine in texture, of uniform cleavage, free 
from pyrites, impermeable to water, And sufficiently tena- 
cious to allow perforations ifor nailing them. Such slates 
are found in the older stratified series of rocks. 

346. Minerals useful for other purposes are found in 
various rocks. . Sulphate of Lime or Gr^sum, extensively 
used for forming stucco, taking casts, etc., is found in the 
Transition^ Secondary, and Tertiary series. 

Steatite or soap-stone, employed as fire-stones to line 
furnaces and stoves, is soft, may be sawn, and turned in a 
lathe ; a compact variety of it, called pot-stone, is wrought 
into culinary vessels in Italy. This^rock occurs among the 
oldest strata. 

Salt — chloride of sodium — ^is frequently found with 
gypsum in the Hew Bed sandstone, but occurs also in other 
strata. The remarkable deposits in Poland and Hungary 
are in the Cretaceous or Upper Secondary ; the mines in 
Poland have been worked since A. D. 1251, and are esti- 
mated to contain sufficient salt to supply the world for 
many centuries. Hills of salt three hundred to four hun- 
dred feet high ore found in the Cretaceous strata at Cardona 
in Spain ; but the Catalonian deposits are in the Tertiary. 
Some salt lakes are at the present day producing deposits 
by evaporation ; as exemplified by the Dead and Caspian 
seas, the lakes of Northern Africa, and the Great Salt 
Lake, which is situated upon the fianks of the B.ocky 
Mountains at an elevation of four thousand two hundred 
feet above the sea, with an area of two thousand square 
miles: The brines from w;hich 'most of the salt in the 
United States is obtained, come from below the coal. 
Forty gallons of the New York springs yield a bushel 
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of fialt Book salt htm been found in Yir|^nia and in 
Oregon. . .^ 

847. Clayy consisting of alumina and silica; owes its 
plasticity to the fonner ingredient ; it results- from the diis- 
integration of feldspar and slate roclcs; and is found prin- 
cipally in the Tertiary and Drift. It is often mixed with 
the carbonate of lime; magnesia^ and the oxide of iron. 
Clay used for making bricks, generally contains a portion 
of the hydrated oxide of iron, which is decomposed when 
heated; forming red oxide of iron, and imparting its color 
to the brick ; some clays, however; contain no iron, and the 
bricks made of them are of a light color, as is the case 
with those made at MilwaukiC; Wisconsin. Clay for fire- 
bricks should contain po iroU; magnesia or lime, as those 
ingredients impart fusibility; such clay is found in the 
Tertiary and in the Coal formation. Pipe-clai/ or Poitet^s 
day are pure varieties; and consequently white. Porcelain 
clay or kaolin is decomposing feldspar; which mixed with 
silica; lime and unchanged feldspar; produces beautiful 
specimens of earthenware; some of which are translucent 
porcelain. The kaolin occurs in extensive beds in granite 
rocks. The Sevres ware made in France consists of sixty- 
five parts of kaoliu; twenty of feldspar, ten of flint or 
quartZ; and five of chalk. The China ware contains more 
quartz and is more glassy. 

PuUer^s earth is composed of silica; alumina; limC; mag- 
nesia and the oxide of iron ; it has a soapy feel and is used 
for removing' grease from woolen cloths. 

348. Sand is usually grains of quartZ; mixed with 
grains of mica; feldspar; oxide of iron, etc. Sand is ex- 
tensively used in the manufacture of glass, which is a 
transparent; fdsible compound of quartz — silicic acid — and 



potash or soda; the oxide of lead and Hme' are sometimes* 
added for glass of differeiit kinds. Sand for the manufac- 
ture of glass "Should be pure, especially free from the ox- 
ides of metalS; whichs imp^^rt to it deep colors ; the color 
resulting from one inetal may sometimes be dis<$harged by 
another, as the green color resulting from the oxide of iron 
is remoyed by the oxide of manganese.- Beds of sand 
adapted to this purpose are found in the Tertiary, Drift and 
Alluvium. That which is obtained by pulverizing sand- 
stones is apt to contain a troublesome amount of iron, or 
other impurities. Sand used for mortar should be fine and 
of sharp grit. 

S49. Qwicklimef used for mortar, for purifying coal- 
gas and syrups, for fertilizing land, and for various other 
purposes, is obtained from limestones, by expelling the 
carbonic acid by heat. The purest marbles furnish the best 
lime, but some impurities are not detrimental to it for cer- 
tain purposes. The strength of mortar depends upon the 
formation of the chemical compound of lime, silica, and 
water, and is not necessarily impaired by fiie presence of a 
small portion of iron, clay, &o. The rich or fat limes 
double their volume in slaking, and absorb nearly three 
hundred per cent, of their weight of water ; the poor limes 
augment their volume slightly in slaking, and absorb about 
two hundred per cent, of their weight of water. 

Hydraulic lime is distinguished by forming a mortar 
which sets under water, and consists of silica, lime, alu- 
mina, magnesia, and frequently the oxide of iron ; the last 
ingredient is deemed undesirable for most purposes to which 
this lime is applied. Prof. Beck gives the composition of a 
variety of this substance extensively used in the State of 
New York as follows : carbonic acid 34.20, lime 25.50^ 
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magnesia 12.35; silica 15.37; alumina 9.13, and perox- 
ide of iron 2.25."" Hydraulic limes are not uniform in 
their composition. 

Parket^9 Cementj formerly patented in England, consist- 
ed of fifty-five parts of lime, &irty-eight of alumina, and 
seven of oxide of iron. It was obtained from the ^^tarta 
found in the argillaceous strata of the Oolite and the 
Tertiary. Other septaria forming excellent cements differ 
in the proportions of their ingredients. Greater caution is 
requisite in burning hydraulic lime, since it is fusible, and 
the heat applied to the common lime will vitrify this sub- 
stance and render the process quite imperfect: common 
lime will bear a white heat, but the calcination of hydraulio 
lime is not well effected above a red heat. 

Pttzzuolana, a volcanic tufa composed of silica^ alumina, 
lime, magnesia, soda and oxides of several metals, forms 
with lime and water a strong hydraulic cement. The 
strong cement used in the construction of the Eddystone 
lighthouse was made of equal measures of puzzuolana and 
blue lias lime, slaked into a powder ; it set slowly but very 
firmly under water. The ancient Eomans used puzzuolana 
in their mortars, but tbe cement of their structures found 
in England and other parts of Europe, whose hardness 
after the lapse of centuries excites the admiration of archi- 
tects, consists of lime, sand, pounded brick or tile-dust, 
and wood ashes j it is of a reddish color, and contains cav- 
ities lined with crystals of carbonate of lime. Artificial 
puzzuolanas are made by mixing clay with lime ; pipe clay 
and lime after burning will set into a very firm cement. 

850. Buhrstonej used almost exclusively for millstones, 
is a cellular variety of- quartz, and owes its value for this 
* Report on the Mineralogy of New York, p. 78. 
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^ ^^ purpose to the' hardness and sharpness of the inequalities 

^^> of its surfaces. The finest stones have usually been 

imported from France where they were found in the 

t Tertiary of the Paris basin, but stones of excellent qual- 

ity are obtained in Muskingum county and other local' 

' ^ ities in Ohio, where it is associated with the carboniferous 

> sandstones. As some of the cavities contain lime, it is 
conjectured that the removal of that substance by solution 

<* has produced the cells. It is found also in Georgia and in 

Arkansas. 
V 351. Mirh are composed of clay and limQ, are very 

\ variable in their constituti<«, and their value for fertilizing 

I soils depends upon the circumstances under which they 

> occur. Their calcareous contents have oftentimes been 
derived from the sheUs or other organic bodies embedded in 
them. They are sometimes colored bhie by the protoxide 
of iron, and red or yellow by the peroxide of the same 
metal. They are found in all parts of the series of strat- 
ified rocks ; as the older marls are highly indurated, those 
which are available are confined to the Tertiary and Allu- 
vium. The principal deposits are beneath ponds and peat 
swamps. The name is sometimes improperly applied to the 
greensand of the Cretaceous formation, which owes its fer- 
tilizing quality to the alkalies it contains, and not to lime 
or clay ; but the chalk marl is very largely calcareous. 

852. Greology is second only to Chemistry in the 
amount, and importance of the aid it renders to scientific 
Agriculture. '< The geologist," says Prof. Johnston in his 
Lectures on Agriculture, '^ can best explain the immediate or- 
igin of the several soils. The cause of the diversities which 
even in the same farm, it may be in the same field, they not 
unfrequently exhibit ; the nature and differences among 
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the sal^soiLi; and the advantages which may be expected 
from breaking them up or bringing them to the surfiftce/' 
Intelligent practice of the art of Husbandry is based upon 
a knowledge of the constituents — organic and inorgani<y— « 
of the crops to be raised, and of the ingredients of the 
soil, which are also both organic and inorganic. These 
must be adapted to each other. All plants derive the ma- 
terials of their growth firom the ea^th and atmosphere ; they 
have not the power of creating any element, but their 
chemical composition is a perfect index of their food. All 
animals obtain their subsistence from vegetables, or from 
other animals which subsisted upon the products of veget- 
ation, so that all organic matter is derived from the inor- 
ganic-^mineral — kingdom, through the medium of veget- 
ation. After death all animal and vegetable substances by 
putrefaction return to the earth and atmosphere, from which 
they originated, to be again absorbed by growing plants and 
famish food for animals; thus exemplifying that great 
principle of instability by which the stability of nature is 
secured — that cycle) the mineral, v^table and animal, 
through which particles of matter are. incessantly passing. 

353. The inorganic part of soils consists of two classes 
of substances — the salts, which are soluble in water, from 
which plants obtain their saline matters, and which consti- 
tute their ashes when burnt; and the insoluble eartks^ 
which form the great bulk of most soils. 

The principal soluble saline ingredients of soils, are iron, 
sulphates of lime magnesia and soda, nitrates of potassa 
soda and lime, phosphates of lime and magnesia, and chloride 
of sodium — common salt. The carbonates of lime magnesia 
and iron, are soluble in water charged with carbonic acid. 
The various saline substances are not all found in the same 
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soil t one soil xxxay contain Boda and be deficient in tlie saliii 
of lime; aootber may be supplied with the pbospbatea and 
be destitute of the sulphates. If some of these ingredients 
abound and the others are deficient, the soil will be favora* 
bleto the growth of certain plants, and unfiivorable to oth« 
ers. The amount of a salt in a soil is oftentimes very 
small, and might be deemed too insignificant to furnish 
food to plants, but a single grain of sa)<ine matter in every 
pound of soil a foot deep, is equal to five hundred pounds 
to the acre. The salt, found in a plant, however minute 
the quantity, is indispensable to its growth— without it 
the soil is for that plant sterile. These salts are derived 
from the mineral masses of the soil. The water perco- 
lating through such soils holds them in solution; they 
decompose soaps, and hence are said to render the water 

hard, I , 

S54. The other class of inorganic constituents of soils 
is the earthy^ making ordinarily ninety per cent, or more, 
of the whole. ;It embraces three prindpal ingredients. Sil- 
tctty in the form of sand; cduminay mixed or combined with 
sand as cZay; and lime principally in the form of carhonate, 
as lipxestone or chalk. Soils are named according to the 
proportions in which these are mingled. According to John- 
ston, one hundred grains of dry ordinary soil, containing 
only ten of clay, form a sandi/ soil ; ten to forty grains of 
day make a sandt/ loam; forty to seventy, a hamy soil; 
seventy to eighty-five a day ham ; and from eighty-five to 
ninety-five a strong clay, fit for bricks or tiles. Arable 
land rarely contains more than from thirty to thirty-five 
per cent, of alumina. If a soil contain ten per cent, of 
the carbonate of lime, it is called calcareous, and if it has 

more than twenty per cent, of it, it is designated a marh 

24 
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Tlie oxide of iron forms two or tluree per cent of mndj 
croils; and in red soils muck mcwe. 

Silica presents itself in soils as sand, small fragments 
of the mineral quartz, one of the constituents of the gran- 
ite rooks ] or combined with alkaline and earthy bases, as 
silicates of potassa, lime, alumina, etc. The feldspar of 
granite yields it in the form of silicates of alumina and 
potassa. The silicates are slightly s(duble, dissolving no 
faster than the necessities of plants demand, hence thej 
are not rapidly washed out of the soils, as are some soluble 
ingredients. Silica is found in soils in yariable propor- 
tions, but usually predominates over all the other constit- 
uents. Silica is contained in the stems of plants, especially 
of the grasses. 

Clay consists of the silicate of (drnnvna^ mixed with 
uncombined alumina and silica. It is deriyed from the 
abrasion of the slate rocks, and from the feldspar of granite. 
'Its most striking property is its adhesiveness; soils are 
close and compact in proportion to the quantity of clay they 
contain. When it predominates, it constitutes the heavy 
cold clay land, requiring under-draining, and sometimes tiie 
addition of sand to render it fertile. It retains manures 
well, being almost impervious to water. Clay soils exhale 
a peculiar odor called argillaceous, when they are breathed 
upon. 

Lime exists in soils inyery variable quantities, ^ frag- 
ments, of limestone disseminated with the other materials, 
or held suspended or dissolved in water, as the carbonate, 
sulphate, or phosphate of lime. Lime is not found pure 
or caustic in soils, and if it is applied in this state, it soon 
loses its causticity by the neutralizing power of the ya- 
rious acids it encounters. 
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355. The syhsoil is of various characters: in some 
cases consisting of parous sand or gravel; in others of a 
light loam or a stiff clay. A stratum of these materials, 
of variable thickness cemented by the salts of lime and 
iron, and indurated, is called the hardpan, 

356. The organic portion of soils consists of the ani- 
mal and vegetable substances found in them, which are 
either the relics of ancietit animated forms buried in the 
rocks, or more frequently the depaying bodies of plants 
and animals of the present period. Geology leads us to 
the presumption that in the early history of our globe, 
mineral matter existed alone, and that subsequently the 
Creator introduced various races of plants, which drew the 
elements of their matter from the mineral kingdom. The 
plants first introduced were simple in their organization, 
and capable of living upon the elements of air, water and 
mineral salts, without any previously otganized matter 
for their nutrition. They were cryptogamous, flowerless 
plants, like the sea weeds and mosses of the present day. 
These plants having grown and died, furnished by their de- 
cay the organic matter necessary for the nutrition of the 
more highly organized flowering plants, subsequently intro- 
duced. The plants which are cultivated in Agriculture are 
the flowering ones, for these only bear seeds ; soils therefore 
must contun some portion of organic matter for their 
nutriment. The quantity however varies greatly : in peat 
soils, it forms from fifty to seventy per cent, of the whole 
weight ; in rich meadows it may amount to twenty per 
cent., but the proportion is generally much smaller. 

Oats and rye will grow in a soil which contains only one 
or two per cent, of organic matter ; barley with three per 
cent. ; while good wheat soils require from four to eight 
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per cent. Organic matter alone will not produce a fertile 
soil ; the inorganic, earthy and saline ingredients must be 
present. It must also have undergone decomposition : if 
it is secluded firom the oxygen of the air it will not decay 
and yield up its elements the appropriate nutriment to sur- 
rounding plants ; a peat bog covered with stagnant water 
yields very little nutriment to other plants, but exposed to 
the air and mixed with ashes or other substances yielding^ 
alkalies, it becomes a very efficient fertiliaser. 

357. The origin of all soils is in the disintegration and 
decomposition of rocks, produced by the mechanical and 
chemical agencies of water, air, ete. The amount of soils 
furnished by groups of rocks depends upon the composition 
and structure of the rocks. Many elates and shaly lime- 
stones and sandstones disintegrate rapidly, through tho 
influence of water and frost penetrating between their 
laminae. Limestones suffer constant loss of materials by 
the solvent power of rain water holding carbonic acid in 
solution. The presence of alkalies in the feldspar and 
mica of granite and gneiss, greatly facilitate the disinte- 
gration and decomposition of those rocks. Calciferous 
sandstones are liable to decay by the solution of their lime 
leaving the sand ; much of the lime passes through the soil 
and accumulates in the subsoil or hardpan. Rocks which 
contain metals or metallic compounds which readily suffer 
chemical change by exposure to the air, are disintegrated 
with great rapidity : this may be exemplified hjp^te^-^ 
sulphuret of iron — which is frequently found in rocks 
especially the slates ; the sulphur unites with the oxygen 
of the air, forming sulphuric acid, and the iron with oxygen 
producing the oxide of iron, which by combination with 
the acid forms sulphate of iron or copperas. The sulphate 
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of iron dissolving in water^ the rock becomes porams and 
crumbles; flowing over limestone rocks it deoomposes 
tbem^ producing sulphate of lime, or gypsum; or if it 
comes in contact with the feldspar of granite, it decom- 
poses that mineral^ forming with its potassa the sulphate 
of potassa^ depositing its oxide of iron in the form of iron 
rust. 

The friction of falling water wears the rocks which 
are subjected to its agency. 

Vegetahles undergoing decomposition generate acids, 
which act chemically upon the rocks, forming soluble salts 
with their alkalies and earths : living vegetables also exert 
a powerful influence upon the rocks ; mosses and lichens 
growing upon bare granite rocks, absorbing their soluble 
parts, decompose and disintegrate them. 

3&8. Over extensive areas the soil is derived directly 

from the rock upon which it rests; it however differs 

somewhat from the rock in composition; analysis shows 

that fragments of rocks exposed to atmospheric influence 

lose a part of their soluble matter, so that their debris is 

composed of a larger proportion of insoluble parts. But 

great masses of soil have been transported from the 

localities in which they were formed by the agency of 

currents of water, either alluvial^ or exerted on a large 

scale in the drift j commingling the soils from various rocks, 

so as to render the earth more uniformly fertile' by a 

mixture of various ingredients, which is known to produce 

a favorable result. Drift soils are recognized by their 

heterogeneous character, and by their pebbles, sometimes 

called cobblestones, consisting of water-worn fragments of 

the hardest rocks. 

859. Soils are usually classified in accordance with the 
24* 
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pFedominance of some element, as sandy, argillaceous, 
loam, etc. ; but some writers base their classification on 
their fitness for certain crops, as wheat districts; corn 
districts, etc., or on the geological formations, in which 
case each district is underlaid by characteristic rocks. 
Prof. Emmons, in his Report on the Agriculture of the 
State of New York, divides the State into six districts 
coinciding with six groups of rocks, which impart to the 
soils, in a good measure, their distinguishing characters. 

360. Soils derived from granite and gneiss contain the 
earths and salts requisite for a high degree of fertility, but 
they are often too silicious and porous, and their value 
depends upon their position and the nature of the subsoil. 

SyeniHc and Hornblende soils contain, in addition to 
the usual constituents a large proportion of the oxide of 
iron, magnesia, and the oxide of manganese, and istre quite 
fertile. 

Th6 soils derived from 5fVap, Gree^istone and Basaltic 
rocks also contain a large per centage of lime, magnesia, 
and iron, and are highly fertile. The Lava soils, whether 
trachytic or augitic, owe their remarkable fertility to the 
large quantity of alkaline salts they contain. 

The slates produce a variety of soils, in many places 
thin and poor, but in others deep and capable of being 
made. good. 

Calcareous or limestone soils are also very variable in 
their quality ^ those which contain magnesia or iron are 
fertile. 

Sandstone soils require the admixture of other sub- 
stances, especially clay, to make them adhesive and fertile. 

Alluvial soils are generally rich, consisting of fine 
divided matter thoroughly commingled ; they are found 
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the moutlis of rivers, and in their valley , and are fre- 
quently called bottom lands, 

361. The art of maintaining an uninterrupted fertility, 
or renovating an exhausted soil, consists in supplying those 
ingredients, mineral and organic, which have been removed 
in the crops. The earthy and saline substances may fre- 
quently be obtained by subsoil ploughing, thus forming the 
earths and salts by the agency of the oxygen of the air 
upon the insoluble minerals of the subsoil ; or they may 
be imported from other localities, and applied as mineral 
manures or fertilizers, such as gypsum, marl, or lime. 
Many decomposable shales containing iron pyrites, mixed 
with lime produce gypsum, and constitute excellent ferti- 
lizers. A deficiency of organic matter must be supplied 
by turning into the soil green crops which have drawn 
much of their carbon from the carbonic acid of the air, or 
by the application of decaying animal or vegetable sub- 
stances obtained from other sources. 

362. Drainage is indispensable to successful agricul- 
ture where the water of stiff clay lands or swamps is re- 
tained by impervious subsoils^ inclined strata^ or dikes. 
Geology aids in effecting the drainage either superficial or 
deepj by indicating the general laws which appertain to 
dikes and strata, and their permeability to water* 

363. Not only iS the physiognomy of a country influ- 
enced by the different outlines which the various geological 
formations impart to it^ but its scenery is greatly modified 
by the different kinds of vegetation, whether indigenous 
or induced by cultivation, which the various soils sustain. 



CHAPTER XIL 



THE HISTORY OF GEOLOGY, 

864. Geology Ib one of the most recent branches of 
physical science : but little more than half a century has 
elapsed since it was elevated from the state of absurd 
hypothesis and wild speculation to the rank of an inductive 
science, based upon accurate observation of facts. The 
earlier cosmogonies were altogether fanciful, and in some 
instances ridiculous. Some of the ancient philosophers, 
however, appear to have apprehended correctly the origin 
of many geological phenomena. Pythagoras recognised the 
operation of the existing causes of change on the earth, as 
the wearing away of the coasts, and the formation of allu- 
vial deposits, by marine currents and waves : the geogra- 
pher, Strabo, was convinced, by finding fossil shells far 
above the sea level, that parts of the earth had been raised 
by volcanic agency. 

365. The numerous perfect fossils of Italy early ex- 
cited a spirit of inquiry respecting their origin. From the 
commencement of the sixteenth century, two questions 
regarding them were discussed at great lengthy viz., first, 
Whether they ever belonged to living beings, or were mere 
semblances of animals and plants ; and secondly. If they did, 
whether they were overwhelmed and imbedded in the rocks 
by the deluge of Noah. By some writers, fossils were 
thought to be "Ziwws naturss^** (sports of nature,) the results 
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of the operatio&s of a materia pinguisy '' fatty matter '^ 
found in some parts of the earth, fermented by heat; and 
oUiers, in an equally unintelligible mode, ascribed them to 
^^tumultuous movements of terrestrial exhalations." These 
unprofitable discussions were continued for more than two 
centuries, and in England assumed a theological cast, some 
writers contending that the Scriptures contain a perfect 
system of natural philosophy in detail. One of the trea- 
tises characteristic of the age was Burnet's ^' Sacred Theory 
of the Earth ; containing an account of the original of the 
Earth, and of all the general changes which it hath already 
undergcme, or is to undergo till the consummation of all 
things," published in A. D. 1690. Of this work Sir C. 
Lyell remarks, '^ Even Milton had scarcely yentured in his 
poem to indulge his imagination so freely in painting scenes 
of the Creation and Deluge, Paradise and Chaos." It 
was, however, at the time regarded as a work of profound 
science.* 

366. In A. D. 1775, Werner, a professor of mineralogy 
' in the School of Mines, in Germany, commenced teaching 
tliat all rocks, unstratified as well as stratified, were deposited 
by water, that all formations were universal, and that veins 
were filled by precipitation from aqueous solutions. This 
was denominated the Neptunian theory, firom Neptune, the 
god of the sea. About the same time, Hutton, a geologist 
of Edinburgh, published his theory of the earth, ascribing 
the origin of all rocks to fire or heat. The melted rocks, 
after consolidation, he supposed, were abraded by the action 

* For an admirable sketch of ancient cosmogonies and " Theo- 
ries of the Earth," consult " Lyell's Principles of Geology," Book 
I, Chf^ters 1 — 4. 
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of water, and deposited as strata, tlmmgh which igneous 
rocks often protruded themselves, producing the effects of 
heat on the surrounding masses. Continents, he supposed, 
were elevated by volcanic agency, and veins filled by injec- 
tion of melted matter from beneath. These alternations 
of fusion, consolidation, abranon, and deposition, may be 
repeated, and geology gives no intimation of the time when 
the series of changes commenced. This view of Hutton 
was designated the Plutonian theory, &om Pluto, the god 
of fire. While geologists were discussing the merits of 
these rival hypotheses, Mr. William Smith, an English 
surveyor, having explored the whole country on foot, with- 
out the guidance of previous observers, published his 
"Tabular View and Map of England," in which he ex- 
hibited the order of the various strata and the relations of 
their fossils, thus accomplishing more for science than had 
been effected by centuries of discussions. 

367. The excess of theorizing on the subject induced 
distrust of all systems, and led the GTeological Society of . 
London, formed in 1S07, to devote itself to the accumula- ' 
tion of accurate observations : the success attending these 
efforts soon rescued the science from the imputation of 
being a visionary pursuit. The recent rapid advancement 
of geology is due in no small degree to the progress of the 
collateral branches of science — ^botany, zoology, and com- 
parative anatomy — since the palseontological characters of 
rocks are much more reliable indications of identity or 
diversity than the mineral characters. 

368. In America, Mr. Maclure, having explored a 
large part of the United States, in 1810, published his 
"Observations on the Geology of the United States,'^ 
giving the first sketch of the distribution of the stratified 
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rocks of this country; referred to the European standard. 
Professor Eaton suryejed the rocks on the line of the Erie 
canal; through the State of New York; and published the 
results in 1824. The same year commenced a series of 
geological surveys of states by legislative sanction; which 
has progressed until two-thirds of all the states have been 
completely or partially surveyed. Besides a<$complishing 
the primary design in developing the natural resources of 
tjie stateS; these surveys have accumulated an immense 
array of accurate observations for the general advancement 
of science. By comparison and generalization of these 
results; a highly satisfactory view of the geology of this 
country may be obtained. The spirit of independence of 
European classifications; and the determination to develop 
the rocks as they arC; rather than to identify them with the 
sub-divisions of foreign systemS; which have characterised 
these surveys; have obviated some of the hindrances which 
retarded the progress of the science in this country. 

369. Although Q-eology is by no means complete; since 
in no science are facts more rapidly accumulating, and 
theories and systems are but expositions of the present 
amount of knowledge on. the subject; still its immense 
array of facts and legitimate deductions constitute a science 
as well established as is Chemistry or Astronomy. 



CHAPTER nil- 



RELATION OF GEOLOGY TO RELIGION. 

370. It is not customary in elementary treatises on 
branches of physical science to exhibit their relations to 
morals or religion^ since it is the office of other branches 
of human learning, as natural theology, to treat specifically 
of those relations in detail. AQ science has such relations, 
since it is an exhibition of the laws which the Creator has 
established over matter, illustrative of his power, wisdom, 
and benevolence, and religion consists in a knowledge of 
the Creator and the exercise of those affections which such 
knowledge enjoins. The science of Geology has, through 
misapprehension of facts and opinions, been regarded with 
jealousy, as favorable to infidelity and even atheism, teach- 
ing the eternity of matter, its self-guiding and renovating 
power, and dispensing with a Deity in the creation and regu- 
lation of the world. 

371. On the contrary, those who, with competelit knowl- 
edge of the science of geology and the art of interpretation, 
have carefully examined this subject, confidently assert 
that no other science famishes an equal number of striking 
illustrations of natural and revealed religion. 

" Shall it then any longer be said," says Dr. Buckland, 
" that a science, which im folds such abundant evidence of 
the being and attributes of God, can reasonably be viewed 
in any other light than a^ the efficient auxiliary and hand- 
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mud of religion ? Some few there still may be^ wBom 
timidity or prejudice; or want of opportunity, allow not to 
examine its evidence ; who are alarmed by the novelty, or 
smprised by the extent and magnitude of the views which 
geology forces on their attention; and who would rather have 
kept closed the volume of witness, which has been sealed up 
for ages, beneath the surface of the earth, than impose upon 
the student in natural theology the duty of studying its con- 
tents; a duty in which,^.for lack ai experience, they may 
anticipate a hazardous or a laborious task, but which, by 
thote engaged in it, is found to afford a rational, righteous, 
and delightful exercise of their highest faculties, in multi- 
plying the evidences of the existence, attributes and provi- 
dence of Gtod," 

" Let not the Christian divine refuse the aid offered by 
physical science. Let him no longer indulge groundless 
jealousies against true philosophy, as if adverse to religion^ 
Ei^peciaUy let him not spurn the aid of geology, which alono 
of all the sciences, discloses stupendous miracles of creation, 
in early times, and thus removes all presumption against the 
miracles of Christianity and special providence at any time. 
It is indeed an instructive &/ot that a science which has been 
thought so full of danger to Christianity should thus early 
be found vindicating some of the most peculiar and long- 
contested doctrines of revelation. And yet it ought not to 
surprise us, for geology is as reaUy the work of Gk)d as reve- 
lation. And though, when ill understood and perverted, 
she may have seemed recreant to her celestial origin, yet the 
more fully her proportions are developed, and her features 
brought into daylight, the more clearly do we recognize her 
alliance to every thing pure and noble in the universe."* 

* Brasident Hitchcock's Religion of Geology, pa 868. 

25 
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872. Geology manifests the nnifonaitj of natare's lawB^ 
oarrying back their operation indefinitely into the past^ ex- 
hibiting that nniiy of design which characterizes the present, 
extending through all periods of the world's history. It re- 
recognises the agency of those subtle powers^ heat, light, 
electricity and chemical attraction^ regulating all the changes 
that occurred in the constitution of bodies in all ages. The 
structure of all the fossil forms of animal and yegetable 
bodieS; ^ows the prevalence of the present anatomical and 
physiological laws, in organic systems long snoe extinct, and 
links them all into one grand, harmonious system, worthy 
of the great Contriver. All the proofis of power, wisdom, 
and benevolence evinced at present, in the adaptation of 
animate beings to the circumstances in which they are placed 
by the Creator, are discernible in all periods of fossil botany 
and zoology. Their deviations from the present races in 
form or size do not render them anomalous or monstrous. 
''The animals of the antediluvian world," says Sir Charles 
Bell, the distinguished anatomist, ^' were not monsters; Ihere 
is no lu8U8 or extravagance. Hideous as they appear to us, 
and like the phantoms of a dream, they were adapted to the 
condition ai the earth when they existed.'^ This uniformity 
in the structure and correlation of parts of animated frames, 
and the adopticm of analogous means for various ends, with 
such deviations only as the diversity of circumstances in 
which they were placed required, show the immutable wis-' 
dom and benevolence, as well the unity of design of the 
Creator. 

373. Although geology does not account for the origin 
of matter nor aid us in forming a conception of its creation, 
it does exhibit modifications of it, whose production and regu* 
lation require the intervention of a Deity. The appearance 
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of ^e yaricms vegetables and animals m saoce0siye periods 
wa not be aoconnted for independently of creatiye power, 
and we know of no such power other than the Deity, since 
the development hypothesis is geologically demonstrated 
(§ 13S) to be false. 

374. The instances of special adaptation of means to ends 
with reference to the welfare of the present races of animate 
beings, particularly of man, are numerous. Such are the 
inequalities of the earth's surface, produced by energetic for- 
ces acting £rom below, which cause the circulation of water 
and prevent universal stagnation and death ', the production 
of soils adapted to sustain vegetable life, by the violent 
agency which has disintegrated th^ rocks and commingled 
tiieir fragments ; the protrusion of metals from deep recesses 
to accessible positions in veins ^ and the accumulation and 
wide diffusion of the useful minerals, rock-salt, coal, 
marble, &c. 

375. Geology coincides with other sciences in expand- 
ing our views of the grandeur of the Universe and the plans 
of the Deity. The microscope discloses to us myriads of 
living beings in a drop of water, the number increasing with 
the power of the instrument. Tho telescope reveals the 
existence of innumerable suns at such distances from us that 
their light — though traveling at the rate of two hundred 
thousand miles per second — requires thousands of years to 
come to our world. So Geology, instead of limiting our 
contemplations of the history of our globe to the past six 
thousand years, carries us back into the indefinite past, 
" developing a plan of the Deity respecting its preparation 
and use, grand in its outlines, and beautiful in its execution."* 

376. The correct interpretation of the Mosaic account of 

* Hitchcock. 
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tiie Creation has been the sabjectof mnch discos^bn. Untfl 
recently^ the commonly received opinion respecting it has 
been, that it taught that the nniyerse began to exist about 
six thousand years ago, and that its creation was accomplish- 
ed in six literal days. Geology teaches that the world has 
existed for an indefinite period; much longer : hence arises 
an apparent discrepancy, and it becomes eminently decdrable 
to ascertain which interpretation is correct. Mudi of l^e 
difficulty on the subject has arisen from the peculiarities of 
style and modes of description used in these ancient writings, 
which are not only not such as are used in scientific treat- 
ises, but not such as accord with the state of knowledge and 
prevalent opinion of the present day. The writers oi the 
Old Testament, says Dr. J. Pye Slnith, use '' language IxMr- 
rowed from the bodily and mental constitution of man, and 
from those opinions concerning the works of Gt)d in the na- 
tural world, which were generally received by the people to 
whom the blessings of revelation were granted.'' They de- 
scribe natural objects and events as they appear to the eye, 
which is not in acc(Krdance with their real nature; they 
speak, says Bosenmuller, the eminent Qeifman commentates, 
^' according to optical, and not physical truth.'' Similar dis- 
crepancies occur in the scriptures with reference to astronom- 
ical, physiological, and chemical phenomena. The Creator 
did not design to anticipate the discoveries of science, and 
correct the erroneous views entertained on these subjects 
by the people to whom the revelation was addressed. 

377. Several attempts have been made to correct the 
interpretation of the Mosaic account of the creation, so as to 
make it accord with the established rules of philology and 
the facts proved by geology. Nor are attempts of this kind 
confined to this topic. Commentators on ancient writings 
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seek all the light wldoh science^ history and antiquities shed 
upon the subject of their investigations; in repeated instan- 
ces have modem discoveries^ in geography^ botany, miner- 
alogy and other branches of science^ essentially modified the 
interpretation of passages in such writings. The same term 
may convey opposite meanings to different readers. The 
terms dements and comhution had for the ancient Jew an 
import different from that which the chemist derives from 
them. A term is used in the twenty-second verse of the 
second chapter of Jeremiah fand in the twentieth verse of 
the twenty-fifth chapter of Proverbs, which is translated in 
the English version nitre; the nitre of modem chemistry is 
the nitrate of potassa, which would render the passages 
qited unmeaning : but if the nitre of the Jews waa the car- 
bonate of soda, the term is apposite and forcible. The pro- 
priety of such use of science in interpretation is sanctioned 
by philologists. ''If I am reminded, in a tone of animad- 
version, that I am making science in this instance the inter- 
preter of Scripture, my reply is that I am simply making 
the works of God illustrate his Word in a department in 
which they speak with a distinct and authoritative voice ; 
that it is all the same^ whether our geological or theological 
investigations have been prior, if we have not forced the 
one into accordance with the other.''^ Dr. Harris also, in 
his Pre-Adamite Earth, remarks, ''-it might be deserving 
consideration, whether or not the conduct of those is not 
open to just aniihadversion, who first undertake to pronounce 
on the meaning of a passage of Scripture, irrespective of 
all the appropriate evidence^ and who then, when that evi- 
dence is explored and produced, insist on their a priori inter- 
pretation as the only true one.'' ^ 

* DaTidson's Sacred Hermeneutics quoted by President Hitohoook. 
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878. Assuming, as to every geologist seems reasonable, 
that the period of about sixteen hundred years intervening 
between the Creation and the Flood was inadequate to the 
production of the stratified rocks including the remains of 
extinct races of plants and animals ; and that the deluge 
was too short and entirely unfitted in its nature, to produce 
those rocks, we are reduced to two principal modes of recon- 
ciling the apparent discrepancy between the Mosaic and 
Geological accounts. 

The first of these interprets the word dAiy in Genesis as 
a period of indefinite time, during which several geological 
formations may have been perfected. The advocates of this 
view urge that such a sense is attached to the word in many 
languages in use, and that it was so used repeatedly, as is 
shown by contexts, in the Old and New Testaments, even in 
the chapter of Genesis, applied to t^e subject in question : 
''These are the generations of thel heavens and of the earth 
when they were created in the day that the Lord Ck)d made 
the earth and the heavens, and every plant of the fields." 
They also argue that the order of creative acts revealed in 
the sacred record harmonizes with that developed by geo- 
logical researches. 

It is objected to this interpretation that most of the fossil 
races had become extinct when those at present existing 
were introduced, so that if Moses described the fossil races, 
those that now exist must have been created with man on 
the sixth day, which does not accord with the sacred records, 
and no reason is shown why the remains of the existing 
races, if they were concomitant with the fossil, were 
not preserved witli them. It is also objected that while 
there is a gener^ resemblance in the succession of eventB 
detailed in the two accounts, the coincidence in the order 
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of introduction of the yarioua animate forms is by no meanfl 
aooorate, since instead of finding the lower half of the fos- 
siliferons strata containing yegetables onlj^ we meet with a 
preponderance of animals. i 

379. The mode of reconciling the apparent discrepancy 
which is most generallj received, regards the first verse of 
Genesis as having no immediate connection with the follow- 
ing verses, but simply asserts that in the indefinitely remote 
past, — " in the beginning/' God created the universe ; then 
passing by an indefi]^te interval during which all the fos- 
siliferons strata, up to those of the present period, were depos- 
ited, the subsequent verses give the account of the introduc- 
tion of the present races; and that this renovation or 
remodelling, not creating, of pre-existing materials was in six 
days. 

Some of the ablest expositors assert that this interpreta- 
tion is in strict accordance with the rules of exegesis, and if 
admitted, the apparent discrepancy disappears. 

Dr. J. Fye Smith has proposed to extend this interpre- 
tation, on the acknowledged principle that the sacred writers 
adapted their language to the limited knowledge of the JewSj 
and consequently did not imply by the term earthy the 
entire gbbe, but that portion of it known to the Jews, '^ which 
God was adapting for the dwelling place of man and the 
animals connected with him.'' This view would obviate to 
some extent a difficulty which arises from the fact that many 
of the races introduced in the tertiary period long before the 
creation of man still survive : some have supposed that these 
were destroyed and again created, which seems quite im-. 
probable. This hypothesis of Dr. Smith's coincides also 
with what Natural History teaches respecting the distribu- 
tion of plants and animak, viz : that they have not dispersed 
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from one centre^ but have spread from many centres of creation. 

380. If it be admitted that much remains to be accom- 
plished before a perfectly satisfactory comparison of geolog- 
ical results with the sacred text is attained^ still in the 
present aspect of the case it is unphilosophical to presume 
there is any real collision between them. '^ It is not neces- 
sary" says President Hitchcock " that we should be perfectly 
sure that the method which has been described^ or any other; 
of bringing geology into harmony with the BiblC; is infalli- 
bly true. It is only necessary that it should be sustained 
by probable evidence ; that it should fairly meet the geologi- 
cal difficulty on the one hand^ and do no Tiolehce to the 
language or spirit of the Bible on the other. This is sufii- 
cient; surely, to satisfy every philosophical mind that there 
is no collision between geology and revelation. But should 
it appear hereafter, either from the discoveries of the 
geologist or the philologist, that our views 'must be some- 
what modified, it would not show that the previous views 
had been insufficient to harmonize the two subjects; but 
only that here, as in every other department of human 
knowledge, perfection is not attained, except by long con- 
tinued efforts."* 

381. It has been supposed that a change occurred in the 
constitution of men and animals at the time, and in conse- 
quence, of the apostacy by which they were rendered mortal. 
Such an opinion has been based upon the text — By (me man 
sin entered the world, and death hy swi. Geology, however, 
shows that death had occurred in innumerable instances 
before the creation of man, while physiology demonstrates 

* This whole subject is most fully ou^ satisfactorily discussed 
in President Hitchcock's Religion of Qeelogy and its connected 
toiences. 
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that mortality is a uniyersal law of organic beings^ requiring 
miraculous interference to prevent its fulfillment. A com- 
parison of Scripture texts clearly shows that the death re- 
ferred to in them is limited, to man : — And so death passed 
ujpon aU men, for that aU have sinned. This limitation to 
moral agents is also inferred from the text — Since hy man 
came death, hy man cam>e alsb the resurrection of the dead. 
882. The belief in a deluge is very general among civil- 
ized nations^ and such an event is explicitly described in the 
Bible. To the flood was formerly assigned the origin of all 
the stratified rocks^ and still more recently the phenomena 
of the drift were ascribed to its agency. But Qeologists are 
agreed that no phenomena can at present be identified as the 
result of the historical deluge^ since the nature of the agency 
exerted differs, in several respects, and the period of the 
drift was antecedent to the creation of man. Since, however, 
every portion of the strata has been submerged, and usually 
many times, geology renders the occurrence of Noah's del- 
uge eminently probable. Considerations derived from 
Natural History, the great number of species — ^probably 
five hundred thousand — and the amount of food requisite to 
sustain them during the prevalence of the flood, have led 
most writers who have investigated the subject, to the con- 
clusion that the deluge was partial, not covering the whole 
earth, and it is admitted that the design of the penal inflic- 
tion would have been subserved by such a flood, and that 
the Scripture writers are accustomed to use universal terms 
to signify large quantities. 



CHAPTER IIV. 



GEOaRAPHIOAL GEOLOGY. 

383. Bt Geographical Geology is understood tibe de- 
scription of the structure of particular districts included 
within natural or political divisions. The geology of many 
countries is very imperfectly known^ but important deduc- 
tions respecting it ihay be obtained from their physical 
geography, since the connection between the geographical 
features of a country and its geology is very intimate. 
The forms and positions of Mountain (Mains often furnish 
a satisfactory means of juHging of the probable range and 
extent of certain formations, which have been carefully 
investigated in other localities. The geology of a region is 
usually complicate in proportion as its ccmtour is broken 
and irregular, indicating that it has been subjected to 
numerous upheavals. 

ASIA. 

384. Asia and Europe form one continent, to which 
Africa may be considered as a peninsular appendage. The 
form of this great continent has been determined by the 
immense zone of mountains and table lands which, com- 
mejLcing on the coasts of Portugal and Barbary, on the 
Atlantic ocean, stretch through a distance of ten thousand 
miles, to the Pacific ocean^ in China and Japan. Adjoining 
this belt on the north lies a vast plain, extending from the 



ABiAi 289 

Pyrenees to the .remotest pdnt.of Asia^ with few intern^ 
taoas by transverse spurs : a sunilar plain on the south is in- 
dented by gulfs and arms of the sea. The desert %Jled thef 
Great Gobi is a plateau of six hundred thousand square 
miles, elevated more than four hundred feet above the sea. 
The axis of -this moimtain chain is granite, though the crest 
of the Himalayas is gneiss and other metamorphio rocks. 
The Silurian strata lie at an elevation of sixteen thousand 
feet above the sea^ and much more modem strata are also 
found in elevated positions; showing that great geological 
changes have occurred over very extensive tracts of this 
continent, in comparatively recent geological periods. On a 
branch of the Altai range, between the rivers^ Obi and Ye- 
nissei, are extensive coal beds which, it is affirmed, were set 
on fire by lightning, and have continued to bum more than^ 
a century.* Some of these mountains surpass the Andes 
in the amount of their metallio products, especially of gold, 
which is wrought in the metamorphic slates near dikes of 
igneous rocks, and in the alluvium of these rocks. 

385. In Siberia, the Silurian, Devonian, and Peimiaii 
strata have been recognised. More than two hundred 
thousand square miles are covered by the gold alluvium; 
and in addition to gold, silver, platma^ copper, iron, and a 
great variety of gems are found. The surface is generallj 
undulating, but much of it is flat and low: interesting 
organic remains, as the manunoth and extinct rhinoceroSi 
have been obtained from the frozen gravel. 

Tartar^ is intersected by four- systems of mountains 
with all classes of strata, from primary to tertiary, salt lakes, 
deserts, mad very numerous volcanoes, extinct and active. 

386. In Thibet, Mindostan, and India, the summits of 

* SomeryUle's Physical Geography— page 60. 
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the mooniaiiis are of gneiss and mica slate, trayersed by 
granite and porphyry ; these are socceeded by talcose slate, 
limestones, coal, sandstones of the newer secondary BeneHf 
and the tertiary strata, including numerous organic remainSi 
among which are those of the mastodon, hippopotamus, deer, 
gavial, crocodile, siyatherium, and monkey. The unstrati* 
fied rocks also abound in Hindostan, which is celebrated 
for its beautiful gems, especially the diamonds of Golconda, 
of surpassing brilHancy and hardness, which are found in 
the conglomerate and alluvium. Ceylon consists chiefly of 
stratified primary rocks, and is celebrated for its gems. 

SoiUhreastem Asia consists of a range of mountains of 
plutonio rocks, partially covered by slates, sandstones, and 
alluvium ; they contain gold, silver and arsenic, and consti- 
tute the richest repository of tin known on the globe, in 
Sumatra, Java, and Borneo, volcanic mountains occur, and 
at their bases secondary and tertiary strata. Their mineral 
products are diamonds, gold, tin, copper, and sulphur. 

387. The geology of China is varied, embracing all 
classes of rocks, aboimding with metals and precious stones. 
Its alluvial formations are very extensive. In Japan, coal, 
amber and sulphur are found, together with metals. Nu* 
merous volcanoes also exist there 

388. Some portions of Persia are mountainous, while 
others are level; others still constitute a sandy desert. 
Unstratified rocks, palaeozoic, secondary and drift deposits, 
have been identified. The white alabaster of Tabreez is a 
calcareous deposit made by thermal waters near Lake 
Oroomiah; the waters of the lake contain one-fifth of 
their weight of salts. Extinct craters, boiling springs, and 
deposits of sulphur and asphaltum indicate recent extensive 
-volcanic agency. 
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389. The geology of Arabia also is yaried by mourn- 
tains^ deserts and fertile plains. The rocks near the Bed 
Sea and Arabian Gulf are granitte. Mount Sitiai is 
sjenitic granite. The yalley of the Jordan is a fissnre 
through which volcanic agency has been exhibited, and in 
which there is extensiye subsidence below the level of the 

, ocean. Mount Lebanon, which aboundif with fossil fishes, 
belongs to the cretaceous formation. 

390. Poiynesta consists of a group or band of islands, 
volcanic, and c(»*al reefs, which extend from the eastern 
coast of Asia, with some interruptions, to the west coast of 
America, intimating the existence of a prolongation of the 
great continent; but slightly depressed beneath the ocean 
level. 

The' rocky coasts of ITew JBoUand present granite; 
slates, limestones, sandstones, coal, salt, and Oolite. The 
fossils of its limestone caverns and osseous breccias be- 
longed to animals closely allied to its present fauna. 

BUBOPE. 

391. European geology is more thoroughly investigated 
than that of any other quarter of the globe, and many 
designations in the science have been derived from their 
local application in Europe. 

The geology of the British Meunds is more varied, and 
has been more accurately studied than that of any other 
area of equal extent in the world. It presents a nearly 
perfect succession of all the formations, and has been made 
the type or standard of reference for general geology. 

392. The primary rocks* of England are confined to its 
western portion, or Wales, where also are developed the 
Cambrian and Silurian formations. In passing from Wales 
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to LtmdoD, tbd rocks rise in the series nnidl we Teach the 
center of the London basin, which, is tertiary. The car- 
boniferous system; embracing extensive deposits of coal, 
extends from the south of Wales to the Scottish border* 
The If ewcaade beds have been most extensively wrought. 
The Welsh mines yield gold, copper, lead, tin, and iron; 
rocknsnlt and gypsum are found above the ooaL 

393. Scotland is more mountainous than England, and 
its rocks are principally primary and palaoozoic : the islands 
near its coasts are of igneous origin, and present splendid 
basaltic columns and caves. 

The rocks of Ireland are chiefly palseozoic, with some 
secondary formati<ms: trap rocks cover an area of eight 
hundred square miles in the northern part of the island. 
Its mineral products are gold, copper, iron, coal and peat. 

394. The geology of JFVance presents nearly all the 
rocks staratified and unstratified. The secondary, especially 
the Oolitic limestone, and the tertiary series are con- 
spicuous, but the carboniferous system is less developed 
than in England. The great platform of Auvergne was 
the theatre of violent volcanic action during the tertiary 
period, and many craters still exist, with perfect forms. 
The valley of the Rhine yields gold ; while silver, copper, 
iron, and tin, are obtained in other localities; extensive 
quarries of gypsum, buhrstone^ and flint are wrought. The 
surface of Belgium and SoUand is very flat, and a portion of 
it is lower than the sea level. No unstratified. rocks occur; 
the stratified rocks from the clay-slate are found, including 
some tertiary. Coal-beds and iron mines are wrought. 

395. Primary mountains bound Germany on the east 
and south-west. All of the fossiliferous formations are 
represented; including the tertiary; the drift abounds, as 
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it does gex^rallj in Northern and Oentnd Europe. The 
mineral prodoots are nnmerons, presenting some of the best 
mining districts in Europe. 

The geology of Switzerland is oomplioate : the central 
axes of the Alps, which are primary, are corered by the 
secondary and tertiary series, the latter in some instances 
at the height of four thousand feet above the ocean, showing 
that these mountains have been recently elevated. 

396. In Sweden and Norway y the older rocks predomi- 
nate : chalk and the tertiaiy are also found, but the drift 
presents the most striking features. Gold, silver, and 
copper are obtained, but the iron found in the gneiss is the 
most important metallic product. The more recent rocks, 
the wealden, chalk, tertiary, and alluvial, compose the 
surface of Denmark, while the igneous rocks, greenstone 
and lava, abound in Iceland and the Faroe Islands, 

397. Rtissia and Poland ue vbst plains, bounded by 
mountains of primary rocks. The silurkin, devonian, upper 
secondary and tertiary strata occur, covered to a great extent 
by the drift. Deposits of salt with gypsum are found in 
the permian and tertiary strata. 

The numerous mountain ridg<9S and vast plains of Axis' 
tria present all the varieties of geological formations, and 
mineral products. 

398. Northern Baly consists of extensive secondary and 
tertiary pli^ns, sloping firom the Alps; Mount Bolca is 
famous for its fossil fishes. The form of the peninsula de- 
pends upon the. Apennines which are of limestone, while the 
sub-Apennine hills are of tertiary. The Al^nnines have 
been elevated several thousand feet since the tertiaiy period. 
The traces of volcanic agency are numerous in Italy. The 
marbles of Italy are celebrated for their beauty and variety. 
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The mountamoQS regions of Spain and Portugal oom- 
nst of primary and secondary strata, the chalk being found 
at considerable eleyation on the Pyrenees. Tertiary strata 
occur together with extinct volcanoes of that period. Bock 
salt is found in the cretaceous strata, and quicksilyer in the 
clay slate. 

399. The Atlas chain of mountains separates the Medit* 
erranean sea fh)m the great desert ; these mountains are 
composed of primary rocks, and the strata on their nonhem 
9lope, in the Barhary SUxtes, are secondary and tertiary, 
into which trap rocks have been frequently intruded, and in 
which salt and gypsum are found. 

Through upper Egypt, JMna, and Abysnnta, occur pri- 
mary rocks, granite, porphyry, syenite (so called from Syene) 
and limestone ; drifting sands from the desert have en- 
croached upon these territories, while extensive alluvial de- 
posits have been made by the Nile in lower Egypt. 

400. The western coast of Africa, for several degrees of 
latitude on either side of the equator, is composed of granite, 
syenite and the metamorphic rocks ; the great quantity of 
gold formerly obtained here led to the designation of Gold 
coast. 

Central Africa is traversed by the mountains of the Moon, 
which are primary and basaltic. Much of the gold obtained 
on the western coast was derived from the metamorphic rock 
of this range. The secondary series also, including the 
cretaceous formation, with rock salt, are found upon the 
Northern Slope. 

401. The JSahara or great desert is a plain, slightly 
elevated above the ocean, extending from the rocky hills 
bounding the valley of the Nile to the Atlantic Ocean, two 
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thiXHuid KX trandred and Uttj miles in 
length utd vuTmg from sotch hmuired to 
twelre hnndred milea in vidth. Ite railMe 
is looM BUid, with interrening portiong of 
gniTel, pebbles, earth, and ealt, and ooca- 
nonally fertile spots — tM*»— watered bj 
springB. No run &11b npon the desert. 
Xhe chalk, tertiary rocks, salt, and shelLi 
identical with spaoies stiU living in the 
Ocean, show that this is the bed of a 
great Mediterranean sea bat reoentlj 
elevated. 

402. Chains of mountains connsting of 
primary and secondary looks bonnd the 
two ooasta of Sott&em Africa, between 
which intervenes an extenidye plateau <a 
table land, which merges at the sonthem 
extremity in the Gape Mountuns; the 
tabular appearance of these Monntuns at 
the Cape of Good Hq>e is due to hori- 
zontal masses of sandstone lying upon 
granite. 

The islands in the Tidnity of Airioa, 
Uie Azores, Canaries, Cape Verde, St. He- 
lena and Bonrbon are of igneous oripn; the ■ 
vdcanic peak of Teneriffe rises one thon- 
sand two hundred and seventy-five feet 
above the ocean. The axis of Madagascar 
is a chain of mountains, parallel to, and of 
the same age with the coast chain on the 
oontjnent, die Mozambique channel onlj 



80IITH AMBIIOA. SU7 

■ODTH AXBBJXA. 

403. The form of the SouA Amenctm 
contJnrait is due to the poeitioa of the three 
moantain chains, the Andee ntnning near 
tlie western coast from Cape Horn to the 
isthmus of Puum^ a chain of small width 
but of majestic height, dipping rapidly 
towards the Fsoi£c, but sloping on the 
east into level plains of great extent; the 
Braiil chain 'between the Kio de la Plata 
and the Amazon river; and die system of 
Parima and Guiana between the Amazon 9 

and Orinoco rivers. These mounbuns are g 

primary and volcanic, covered by slates o 

foasilifenms limestoues and red sandstones m 

of various geological ages. Coal and chalk % 

are foivid at an elevation of thirteen thou- g 

sand and fourteen thousand feet above the 8 

Ocean. g 

The eztewdve plains east of the Andes X 

are so low, even near the foot of the Andes f 

that a rise of one thousand feet in the I 

Atlantic Ocean wonld submerge more than ^ 

one half of the continent of South America. ^ 

These pluns are divided by the mountains 
and table lands of Parima and Braril into 
three different hauns differing in aspect : 
the lilariOB, or grassy steppes of the 
Orinoco; the SUva» or woody basin of the 
Amazon covering an extent of two hundred 
and dght^ thooaand square miles ; and the 
deserts and ^nij)a« of Buenos Ayres uid 
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Patagonia. These plaiius are of recent geological origin, and 
have fumislied very interesting fossils. The tertiary strata 
are extensively developed in many localities, especially^ong 
the teiraced coasts of Patagonia, and bordering the plains. 
Portions of the continent many hundred miles in length have 
been raised from beneath the ocean within the period of the 
shell-fish now living, which are found in the plains still 
. retaining their colors. The volcanoes of this continent are 
among the most magnificent of the globe. 

South America has lon^ been distinguished for its mines 
of gold, silver and platinum. The diamonds of Brazil are 
obtained from the alluvium ; other gems also are found in 
the rocks, as the topaZ; emerald and sapphire. 

CEMTBAL AMBKICA. 

404. The Andes continue through GuaMmala and Meoc- 
ico in an irregular mixture of table lands and moiintains, 
consisting of granite, gneiss and mica-slate, with a large 
admixture of lavas ancient and modem; secondary sai]id- 
stone and limestone occur together with alluvial deposits 
along the coasts. Few regions of the globe rival this in in- 
tensity of volcanic action. The mines of Mexico which are 
in talcose and mica slates, transition limestones and porphyry, 
have yielded a large amount of gold and silver. 

The mountains in the West Indies are similar to those of 
South America of which ^ome of the ranges appear to be 
continuous } this fact together with the identity of the fossil 
remains of extinct quadrupeds, renders it probable that the 
West Indian Archipelago was once a part of the American 
Continent, the area of the Gulf of Mexico and the Carib- 
bean sea having subsided at a recent geological period. 
Secondary and tertiary strata are also developed upon these 
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idands attended by the drift and alluYimn. The icQandB 
• are still subject to violent volcanic action^ especially earth- 
quakes^ and extinct craters are common. The Piteh Lake 
in Trinidad is three miles in circumference and of unknown 
depth. 

NOKTH AJOEBIOA. 

405. The general structure of North America is simple ; 
its form is due to the position of two mountain chains — ^the 
Bocky mountains running north-west^ and the Alleghanies 
northeast^ including one of the most extensive basins in the 
world, embracing three millions two hundred and fifty thou-< 
sand square miles. The Rocky mountains are composed of 
primary rocks, covered by sedimentary rocks of various geo- 
logical ages, intersected by volcanic eruptions, though active 
volcanoes are principally confined to the northern part of the 
chain and near the Pacific ocean. At the base of these 
mountains on the east lies a sandy desert four hundred or 
fi<ve hundred miles wide. Kock salt and salt lakes are found 
tn its vicinity. The coal formation with its fossils of tropical 
character is found at Melville Island in 74 P north latitude. 

The auriferous deposits of California are alluvial, the 
detritus of sandstones, limestones and slates, especially tal- 
cose slate, intersected by quartz and porphyry. The gold is 
also found in veins in these rocks. Cinnabar the ore of 
mercury, silver, platinum, iron, tin and lead are known to 
exist in this locality. 

UNITED STATES BAST 07 THE BOCKT MOUNTAINS. 

406. The Alleghany or Appalachian chain of mountains 
separates the great Mississippi Yalley from the Atlantic 
slope 3 it consists of a series of from three to five parallel 
ridges with intervening valleys. Extending into New Eng* 
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land theee mountaim form tite mibatnto 
of the geology of dtat region, of wbiA 
the nniitratified aiid metamorpMo rooks 
form the principal part; limited portioiis 
of more recent eedimentAr; rooks orerlie 
them, among which the new red Hmdstoiie 
is supposed to be recognized in the Gon- 
Deotdcat YttUey. 

407. The Atlantic slope ia Tery nu- 
row at New York, bnt in ita Bouthem 
portion extends several handled miles 
&om the ocean. Upon this slope in New 
Jersey the new red sandstone ia found, 
succeeded by the cretaceous formation, 
consisting of marls, limestones and green 
sands; the latter extend to Alabama. 
The coal in Tir^nia near Richmond is 
assigned to the Oolitic penod. The ter- 
tiary series commencing on the coast of _ 
MassachuBetts extend almost oontdnnonsly 
along the Atlantic coast into the Miaos- 
wppi Valley ; in the Carolinas, Qeorg^ 
and Alabama, they are extensively devel- 
oped, furnishing many oharactorislio fos- 
sils, which are however very rarely spe- 
cifically identical with the tertiary fbs^ 
of Enrope. 

408. The tertiary rocks constitnte &.B 
principal part of the surface in the Soath- 
em states; they repose upon the cTeta> 
ceons, and in the lower portion of the 
MisuBsippi Valley, theM together with 
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Hke alluyiam overlie the paldeozoic strata^ as is shown in ibo 
section^ Fig. 170 ; in wHch 
" 1 indicates the modem aUuviitm of the Mississippi. 

2. The ancient fluviatile deposit with recent shells and 
bones of extinct mammalia ; loess. 

2* Marine and fresh water deposits with recent sea 
shells and bones of extinct land animals. 

3. The Eocene with retaains of the Zeoglodon. 
a. h. Terraces. 

4. Cretaceous formation; gravely sand; and argiHaceons 
limestone. 

5. The Pakeozoio— H30al measures of Alabama. 

6. Granite. 

409. The stratified formations of the Mississippi valley 
and the western ridges of the Alleghany Mountains are the 
dider— *pala9ozoic rockS; which are expanded to a vast extent, 
and of very great thicknesS; while the secondary formations 
with the exception of very limited portions of the cretaceous, 
are deficient. Tertiary and alluvial deposits also extend up 
the valley of the Mississippi and its tributaries. The strata 
resting upon the primary rocks over large areas are the 
Silurian and Devonian. The carboniferous limestone is 
known to be widely extended in this valley, and the coal 
formation appears in many localities. These strata have 
frequently but little inclination, but are of great thickness, 
and abound in characteristic organic remains. 

The identity of the great systems of the palaeozoic rocks 
in Europe and in the Missbsippi valley is easily recognised ; 
that of the minor subdivisions is however, in many instances, 
obscure. The thorough geological surveys made in some 
portions of the United States whose rocks belong to these 
systems have led to the adoption of some provisional terms 
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})a8ed upon certain peouliarities of the rocks^ or upon th* 
localities where they have been investigated. The subdivis- 
ions of the syrtems made by the New York survey, consti- 
tate for the present, a convenient standard of reference. 
The following tabular arrangement, by Professor James 
Hall, exhibits the correspondence of these systems in Great 
Britain and New York. 

TABLE. 



SXJBDIVI8I0N8 OF THS BOCKS OF 
THB NEW-TOBK 8T8TI1C 



Old Red sandstone 

Chemung group. 

Portage group. 

Genesee slate. 

Tullj Jiimestone. 

(Hamilton ^group. 

Marcellus shale. 

Comiferous limestone. 

Onondaga limestone. 

Schoharie grit. 

Cauda-galli grit. 

Oriskany sandstone. 

Upper Pentamerus limestone. 

Encrinal limestone. 

Delthyris shaly limestone* 

Pentamerus limestone. 

Water-lime group. 

Onondaga salt group. 

Niagara group. 

Clinton group. 

Medina sandstone. 

Oneida conglomerate. 

Grey sandstone. 

Hudson-river group. 

Utica slate. 

Trenton limestone. 

Birdseye and Blak-riyer lime- 

- stones. 

Chazy limestone. 

Calciforous sandrock. 

r tsdam sandstone. 



SUBDIVISIONS OF THB 8ILUBIAV 
AND OLD BBD 8TSTBH8 Dl 
OBBAT BBXTAIN. 

Old Bed sandstone. 



Upper and Lower Ludlowrooks, 
including the DeTonian Sys- 
tem of Phillips. 



Wenloqk rooks. 



Caradoo sandstone. 



Llandeilo flags. 

These formatiois are not as 
fully recognized in Great Bri« 
tain as in New York. 
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The order of t 
these rocka is exhibited in a 
sectJOQ from. Canada to Fodd- 
Bjlrania ; from the primary to 
the Old Red Sandstone. Fig. 
171. 

410. The differenoes in char- 
acter and amount of develop- 
ment which the same strata pre- 
sent in localities remote from 
each other, have induced a di- 
versity of names applied to them 
in the United States. More es- 
tsaded surveys and comparisons 
will probably show the identity 
of some now regarded as di- 
verse. Since the mineral char- 
acters of these strata a 
fluctuating, their orga 
mains are deemed the most re- 
liable means of determining 
their identity or diversity. A 
table similar to that just used 
for the comparison of British 
and American systems has been 
constructed by the same geolo- 
gist to show the equivalency of 
the lower strata in Ameriwi, 
bearing different names in five 
States, New York, Pennsylvania, 
Virginia, Ohio and Michigan. 
27 
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NO&TH AMERICA. 819 

411. The/ossils are said by Professor Hall to be more 
nomerous in the rocks of America than in those of Europe 
of the same age. Some of the extinct species of the higher 
mammalia, found in the recent formations of special interest 
are, the Mastodon, Mammoth, Megatherium, Megalonyx, 
fossil Blk, several species of fossil Ox, Walrus, ZeugJodon. 

412. The mineral treasures of the United States are, 
though imperfectly explored, known to be rich and abxmdant. 
The Coal measures of the Carboniferous period are devel- 
oped on a scale, so for as is known, unequalled in the 
world, furnishing a supply of mineral fuel amply sufficient 
for the requirements of the whole civilized world, for thou- 
sands of years, even should the demand increase rapidly, and 
the consumption continue to bear reference to the mul- 
tiplication of all ktfids of industrial occupation.* The 
Alleghany coal field is seven hxmdred and fifty miles long 
with an average breadth of eighty-five miles, embracing an 
area of sixty-five thousand square miles, or more than forty 
millions of acres, distributed in eight states as follows : 

Pennsylvania, -. - 9,600,000 Kentucky, - - - - 5,760,000 

Ohio, 7,500,000 Tennessee, - - - 2,760,000 

Virginia, - - - - 13,600,000 Georgia, - - - - 100,000 

Maryland, .... 860,000 Alabama, ... 2,260,000 

The Illinois coal field also extends over an area of more 
than fifty thousand square miles; of which thirty thousand 
are in the state of Illinois, and eight thousand in Indiana. 
This is exclusive of the great coal-area of Missouri whose 
extent is not ascertained. The varieties of coal in these 
fields are bituminous, oannel, and anthracite ; the latter is 

* Ansted. 
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found in FennBjlTanJa oaonpTiiig an area of two hnndred 
thouBond acres, in three prinoipal districts; in one of which 
there are sixteen workable beds of three feet or more — the 
thickest bdng nearly thirty feet. The beds cease to be 
sathracitic at a distance &om the primaiy n>cks of the 
mountains. 

The Iilichigan 
coal basin lies In 
the central portions 
of the State, as is 
represented by the 
shaded part of Pig. 
176, and is one hnn- 
dred and seventy 
miles long by one 
hundred miles wide. 
It is underhud by 




stone, soft, light col- 
ored sandstones, ar- 
giUoceous slate, and 



413. Iran is found in quantity and qnality adapted to 
working in numerous localities. The depoata of speoukr . 
iron in Missouri, and near Iiahe Superior are among the very 
largest in the world. 

Copper ooonrs native and as an ore in great qnanldties 
on the shores of Lake Superior, in Missonri, and in leas 
nmonnt in Virpnia, New Jersey, and New England. 

One of the largest deposits of lead known in the world 
is wrought in the carboniferous limestone of the north-west- 
am and western states ; and is estimated to be capable of 
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yielding more than one hundred and fifty millions of ponnds 
annually. 

Gold is found in the primary rocks of the Alleghany 
Mountains in quartz rock traversing the metamorphic rocks^ 
particularly talcose slate; and in greater quantities in the 
same geological position^ and in the alluyium of these rocks, 
in-Califomia. Silver occurs also associated with gold, copper 
and lead. Rock SaU is found in limited quantity in the 
strata but is obtained in abundance from the brine springS| 
which rise &om beneath the coal. 

Inexhaustible suppHes of granite, marble, freestone, and 
other rocks adapted to architectural purposes, are found in 
the primary rocks, but are as yet little wrought. 

Mineral fertilizers of soils, gypmrn^ marls, and the 
phosphate of lime, are found in numerous localities. No 
active volcanoes exist in the United States, nor are there 
indications of igneous eruptions east of the Kocky Mountains 
since the protrusion of the trap. In the Eocky Mountains 
pumice and other evidences of more recent volcanic agency 
occur. Severe earthquakes are very rare ; Thermal Springs 
however are abundant, and in some instances of a high 
temperature, as the hot springs of Arkansas and Virginia. 



GLOSSARY OP TERMS USED IN GEOLOGY. 



Notx.— ^uch terms ai hsYO Been defined in the text axe not repetted here, Init 
may be referred to by meuu of tbe index. 

ASR0LITE8. Mineral masses that fall from the atmosphere. 
Albite. A white Tariety of Feldspar containing soda instead of 

potash. 
AlffCB, A dlyision of cryptogamous plants, Sea weeds. 
Alveola. Socket of a tooth. 
Alveolus. A chamber of the belemnite. 
Amorphoua. Devoid of regular form. 
Amorphozoa. Animals without definite form — Sponges. 
Analdme, A simple mineral of the Zeolite family, found in trap 

and granite. 
Analogue. A body resembling or corresponding with another body. 
Anchylosis. A stiif, immovable Joint 
Anhydrous. "Without water. 

Annelides. Worms having the integument formed of rings. 
Antediluvian. Preceding the deluge. 

Antennae. Articulated horns of insects and Crustacea— feelers. 
Anthracotherium. An extinct quadruped, allied to the palceotheria 

found fossil in the coal beds of the tertiary. 
Anthropomorphous. Resembling the human foim. 
Antis^tic. Preventing putrefaction. 
Argentiferous. Containing Silver. 
Arragonite. A variety of Carbonate of lime. 
Asbestus. A fibrous mineral, of which an incombustible doth is 

sometimes made. 
Ashler. A name given to free stone when squared for building 

purposes. 
Assay, The process of determining the amount of metal in an ore. 
Atom. The ultimate particle of an element. 
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Aur^enms, Containing Gold. 

Avalanche, A mass of ice, snow, or earth falling int> a Tallcy. 

Asterolepia. A large fossil fish found in the Old Red Sandstone* 

Bacjtlitb. a many chambered shell resembling the Ammonite 

unwound. 
JBarytes, A mineral so called from its great weight 
BaatetU Outcrop of strata. 
Bind, A miner*s term for argillaceous Slate. 
Blende, The Sulphuret of Zino. 
Blt^, A precipitous bank. 
Botryoidal, Resembling a bunch of grapes. 
Brachiopoda, A group of shell-bearing animals having two long 

spiral arms which assist in locomotion and in procuring food* 
Bysaua. A tuft of hairs by which some shell fishes are attached 

to rocks. 

Calamine. Zino ore>^r^e carbonate of Zinc. 

Cole Sinter Calcareous dtjjpQsits of Springs. 

Calcine. To reduce to powder by heat ; to expel carbonic acid as in 

burning Ume. 
Calp, An impure limestone of the paloeozoic rocks. 
Cannd'Coal. A hard bituminous coal burning with a clear flame 

and sometimes used instead of candles. 
Carapace. The upper shell of some reptiles. 
Caree. A Scottish term applied to the flat lands in valleys. 
Catadyem. A deluge. 
Cetacea. Whales ; yertebrated mammalia living in the water, but 

not fishes. 
Chalybeate. Water holding iron in solution. 
Chert. A silicious mineral resembling flint, but of coarser texture. 
Choke-damp. Carbonic acid in mines and wells. 
Clunch. The hard beds of the lower chalk. 
ColeopUra, Insects having hard wing cases ; beetles. 
Conchoidal, Resembling a shell. 
Conglomerate. A rock made up of rounded, water worn fragments 

cemented together. 
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CooTnhe. A diy Talley. « 

Culm, An impure kind ef coaL 

Cumbrian. A name applied by Professor Sedgwick to a system of 

of rocks observed in Cumberland, England, now merged in the 

Cambrian or Silurian. 
Cupriferous, Copper bearing. 

Debacle. A great rush of waters, breaking down obstacles and 
dispersing detritus. 

Vebrit, Buins or fragments ; detached from rocks, and accumu- 
lating in masses. 

Denudation, BemoTal, by water, of masses overlying rocks, leay- 
ing them bare. 

JDessieation, Drying up. 

Detritus. Sand, gravel, clay, &c, worn oflF from rocks by water. 

Dolerite, A variety of trap-rock. 

Echinus. A marine radiate animal covered with chines called sea 

urchin and sea egg. 
Ecpyrosis. Destruction by fire. 
Elytra. Wing-sheaths of beetles. 
Epoch. A point in time from which a period is reckoned ; also used 

as synonymous with period. 
Equivalent. A term applied to strata in different regions, whose 

origin was contemporaneous. 
Erosion. Wearing away by water. 
Exuvice. What is cast off; a name applied also to organic remains. 

Faluns. A French term applied to some tertiary strata, resembling 

the English crag. 
Facette, A little face. 
Ferruginous, Containing iron. 
Fiord. A deep, narrow inlet. 
Fire Clay, A clay containing little alkali, and consequently very 

difficult to fuse. 

Fire damp, Carburetted hydrogen in mines ; mixed with air is 

very explosive, 

28 
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FistiU, Easily split 

FlumaHU, Belonging to a river. 

Flux. A substance used to render minerals mort Visible. 

FuUer*s Earth, A compact, friable variety of clay, used in deaaa- 

ing cloth. 
Fulguritea, Yitrified sand-tabes which are supposed Co have been 

produced by the striking of lightning on the sand. 

Gabket. a simple red mineral, frequently found in mica-slate. 
Glacis, A gentle slope, less steep than a taltu, 
Orit, A coarse grained sandstone. 

Oyrg<mit€9, Seedyessels or fresh water plants found fossil, and 
formerly supposed to be microscopic shells. 

Habitat. The district within which a species of plants or t^"<«»f?p 

is naturally confined. 
Hade, The dip or inclination of a mineral vein. 
Hamite, A hook-shaped shell of an extinct cephalapod. 
ffomalonottu, A smooth-backed trilobite. 
Hyphertthene, A variety of the mineral pryoxene, allied to aogito. 

Ihbbicatb. Laid over each other like scales. 

IrideteeoL Shining with rainbow colors. 

Isomorphout, Having same crystalline form with different chendoal 

constitution. 

EiLLAS. A Cornish name for coarse slate. 

Lacustbihb. Beiunging to a lake. 

lAueite, A simple white mineral found in lava. 

LapiUL Globular volcanic ashes. 

Lateriu, Bock found in India, cut in the form of brieks and used 

for the same purpose. 
Lithological, Pertaining to stones. 
lAthodomi, Shellfishes that perforate and inhabit rooks. 
LUhophyUt, Stone plants ; sometimes applied to corals.^ 
Lithographic Stone, A slaty limestone used for drawiBg and 

printing upon. 
LUtoraL Belonging to the shore. 



Jmw. a ttttiuy dapoait on Uie buikB of the Bhina. 

Hauvpu£. Ammnla irhicb oonj thuF yonng in & poooh u Bie 

Oposnun and Kangaroo. 
Jf(iD(^. A mineral of tba Zeolite famil; often foand in traprofika. 
Molatta. A Boft sandstone of the meiooene period found in the 

great laUej of Switierland. 
Mmimei. A Swiss term for the debris bronght Into the valley Ity 

glaoiers. 
Moya. A term applied in South America to mad poured ont 

from voloonoes. 

Nbaoonuk. a gronp of rooki in the aretaceoos system. 

Jfodaie. A ronnded mass. 

Nudem. A kernel, or point aboat wliioh mattw aoonniulatea. 

OoRsi. A jelloir powder of earth and oxide of iron. 

OapHxed- Wood. Wood petrified with Silica. 

OnuAorhynehvt. A genus of qaadruped animals haTing the month 

like that of birds. 
Ophite. A rook umilar to serpen^e. 

OUvint. A simple, olive colored mineral found in baialt and lara. 
Oryeialogy. A term formerly applied to the scienae of organic 



OiUology' The seienee wliieb treats of bones. 

OuUitr, A portion of a stratum detached from the principal mam 

Paobtdebkata. An order of qnadrupeds having thick sldna, 

the Elephant, Horse, Fig. &a. 
Pegmatite. A granite in which the three eomponent mlnoaU fc 

diatJnot masses cemented together. 
Pdagie. Belonging to the de^ sea. 
PhomliU, Clinkstone. ^ 

Pkrygaaea. A genus of insects, whose lanes, called woims^ h; 

been found fossil. 
Pipt Clay. A plastic clay used in making pipM. 
PiuHiU. A atone possessing a stmoture like an agglatinkt 

of pew. 
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Pit OoaL OrdinaTy ooal ; so called beeaiue obtained ftom piiiL 

Plateau. A plain considerably eleyated above the sea. 

Puddmgttone. Coarse conglomerate. _ 

PoeeUUie, Variegated; name giyen in England to a part of the 
new red sandstone series. 

Pyritet. A compound of srilphur and a metal so called because 
the chemical changes produce spontaneous heat ; it is often mis- 
taken for gold. 

Polyihalamotu. Many chambered. 

Protozoie, Exhibiting first forms of life. 

Pryrogmotu, Igneous ; applied to melted rocks. 

Pryroxetie. A species of mineral induding eeyeral Tarietieiy 
augile, hypersthene, &c. of silicates of lime, magnesia^ and 
iron. 

QuADBTTMAMA. FouT handed animals, as the apes. 

Rao. a stone of coarse texture. 

Rake-vein, A group of vertical veins. 

Eubbk. A term applied by quarrymen to the fragmentary massei 

of stone surmounting the beds. 
Euminantia, A group of quadrupeds including those which chew 

the cud as the ox. 

Sacchahoid. Haying the texture of loaf sugar. 

SaUferotu. Salt bearing ; the new red sandstone called the salife* 

reus system because it contains salt 
Saltet. Eruptions of mud from small orifices in Tolcanic districts. 
Savannafu, Low plains in North America, generally coTered with 

wood. 
ScoffUa, An Italian rock of the cretaceous period. 
Scarped. Haying a steep face. 
Schist A slate not admitting of such perfect splitting as do the 

slates generally. 
Seam. A thin bed. 

Selenite, Crystallized sulphate of lime. 
83/008. The wooded plains of South Ameriea. 
A rock precipitated from water. 
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SUeketuides. The smooth face of a fault ; also one of the Derby- 
shire lead ores. 

Slide. Miners name for a small fault. 

SJ9ar, A crystallized mineral "which gives a ready finaetnre. 

Stanniferous, Tin. bearing. 

St09s, A Swedish term applied to the side of a rock Btrc^ik or 
worn by the drift. 

Suturhrand, A variety of wood-coal or lignite. 

Table-land. Level land elevated above the seas. 
Testacea, Molluscous animals having a shelly covering. 
Turbinated, Shells which have a spiral or s(»*ew-form structure. 
Turrilite. An extinct genus of chambered shells, allied to the Am- 
monite having the siphuncle near the dorsal margin. 

TJndeslie. The inclination of a mineral vein. 

Wacee. a German term which has been applied to a soft earthy 
variety of basalt ; it has been used quite indefinitely. 

Warp. The deposit from muddy waters artificially introduced into 
lowlands. 

Watershed. The line between two river basins ; it is not always & 
mountain chain. 

Whinstone. An English provincial term applied to some trap rocks 

Zeolite. A family of simple minerals including several varieties 
usually found in the traps or volcanic rocks; the name is 
derived from their boiling up when they are exposed to the 
heat of the blowpipe. 
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Pasi. 

Advocbi........ ~ 110 

Africa, -. 806 

AgMids, «......« 127 

Agrtenltnral,... ~^.. - 275 

Age of Rocks,.^ 99 

AUuTium, 240 

Alps, curred itrata, 90 

Alumina. 11 

Amason RiTer, 23 

America, geology, 810 

American Tolcanoes, 46 

Ammonite, ~ 185 

Amygdaloid, 132 

Animalcules 72 

Animal remains » 246 

Animals, number o( 75 

Anticlinal axis, 90 

Antimony, 266 

Anthracite, 149 

Anoplotherium, ~. 210 

Apiocrinite, ~ 190 

Apteryx, ^ 247 

Aqueous agency, ^ 10 

Araucaria, ^ 171 

Arctic current} 87 

Arenaceous, 87 

Argillaceous, 87 



Arsenic,. 

Artesian well, 6 

ArUculata, 124 

Asia, 298 

Astrea, 65 

Atmosphere, ^ ~ 11 

Atolls, 69 

Augite 12 

Augitio lava, 54 

Auvergne, 221 

Aymestry limestone, ^ 151 

Baollahia, 200 

Basilosaurus, 238 

Basins, 165 

Beaches, raised, 240 

Beds, , 82 

Belemnite, « 185 

Birds fbflsil, 238 

Bird tnekfl, 108 

Bismuth, 266 



Paoi. 
Bitumen, ^ no 

Bone cftTanii,.....M........M 232 

Bore, sa 

Boston harboKV**<««.MM....M...M......... 32 

Bowlders, 224 

Breccia, 270 

Burnet's theory, 2S5 

CALAaOR, 16«5 

Cambrian, lo9 

Carbon, 11 

Carbonate of lime, 13 

Carboniferous, 162 

Carems, 228 

Cares, 249 

Cephalaspis 159 

Cephalopoda, 124 

Ceylon, SOO 

Chalk, 198 

Cheirotherlum 180 

Chelonia, 180 

Chemistry 10 

Chimboraxo, 2.*)! 

China, 300 

Chlorine, 11 

Clay, 272 

Clay-slate, 98 

266CleaTage, 98 



Clinometer. 89 

Coal, 260 

Cobalt, 266 

Coocosteus, 161 

Conformable, 92 

Conglomerate, 270 

(ronifersB, 121 

Copper, 265 

Coprolites, 127 

Coral, 67 

Coral reeft, 68, 2ii7 

Combrash, 190 

Cosmogony, 202 

Crag 216 

Cretaceous, 197 

Crinoidea, 104 

Cross courses, 206 

Crustacea, 125 

Currents, 84 

Cuttle fish, 186 
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OaTfar, 123 

Datb or GBXAixoir, 294 

Deltas, 20 

Deluge, 297 

Devonian, 167 

Diamond 267 

Dikes, 94 

DiluTiom, 223 

Dinornis, 239 

Dinotberinm ,* 215 

Diorite, 132 

Dip, 89 

Dodo, 247 

Dolomite, 174 

Drift, 223,253 

Drift-wood, 63,244 

Drongs.... 82 

Dunes, 15 

Earth, a planet, 2 

— form 8, 257 

— ^— ^ crust, 8 

~—^— density, 3 

- temperature, 4 

Earthquakes, 54 

Elements, 10 

Elephant, 235 

Eleration, 254 

Elk fossil, 237 

Eocene, 206 

Encrinites,, 177 

England, 301 

English channel 31 

Eruption, volcanic, 40 

Escarpment, 91 

Estuary deposits, 113 

Etna, ^ 46 

Europe, 301 

Extinct Yolcanoes, 89 



Fault 93 

Fauna, 75 

FaTOsite 161 

Feldspar, 12 

Ferns, 168 

Fingal's Cave, 137 

Fishes, 126 

Flints, 198 

Floeta, 103 

Flora, 75 

Fluorine, 11 

Flustra, 66 

Footmarks, 108 

Foraminifera, 199 

Forests submarine, 68, 241 

Formation, 92 

Fossiliferous, 93 

Fossils, 100, 107 

France, 
Frost, 



Pam. 

Gauna, .«. 201 

Gatonreufli, 281 

Ganges, ^ ^ 22 

Gangue, 181 

Ganoid 125 

Gasteropoda, 124 

Gault, 198 

Genus 114 

Germany, 802 

Geysers, 68 

Giant's Causeway, 186 

Glaciers, 26 

Glacial Theory, 256 

Glyptodon, 220 

Goniatite, 164 

Gneiss, 145 

Gold, 266 

Gorge 98 

Granite, 129, 269 

Graptolite, 156 

Graphite, 149 

Greensai^, 198 

Greenstone, 131 

Gres bigarre, 170 

Greywacke 150 

Guadaloupe, 79 

Gulf stream, 80 

Gypsum, » 271 

HERCULAinUM, 44 

Heterooercal, 159 

Hindostan, 299 

Holoptychius, 161 

Homooercal, 169 

Hornblende, 12 

Hornblende slate, 146 

Homitos, 48 

Hyaenas, 230 

Hydraulic lime, 273 

Hydrogen, 11 

Hylaeosaurus, 196 

Hypogene,.^ 103 

Hypothesis, 262 



Tuooidl^ 161 Jn, 



Voller't Iwtli, 
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ICKBXBGS, '....« 28 

Iceberg theory, 263 

Icthyodorullte, 180 

Icthyolitcs, 168 

Icthyosaurus, 187 

Igneous agency, 89 

Igneous rocks, 96 

Iguanodon, 190 

India 299 

InltuM>ria, 72, 200 

Insecta, foesil, 212 

Ireland, ~ 302 

Iron 12, 260 

Iron pyrites, 13 

Isothermal, 4 

802|ltaly, 808 
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Jotakt^. 
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Paqi. Page. 

>Valrie8, « a42Slat6g,. 271 

^h:«ciouB stones, 267 Snow, colored, 73 

Primary, 144jSodiam, 11 



Produeta, 155 

Protozoic, 127 SoUktaras, 



Soil,. 



Pterichthys, leo 

Pterodactyle, 192 

Pumice, 64, 141 

QUAQUATEHSAIi, 91 

Quarte, 02, 147 

Quaternary, 223 

Quicklime, 273 

Badxata, 123 

Kafts 63 

Bed snow, 73 

Beligion, 288 

BeptUes, 126, 180 

Bhine, 22 

Bhinoceros, » 236 

Bhono, 21 

Bhynchosaarus, 180 

Bidge roads, 243 

Bipple marks, 83 

Birers, 17 

Bock, 82 

Rocks, classified, 99 

Bocks, melted, 258 

Bock salt, 183 

Boa stone, 189 

Boman cement, 274 

Bussla, 299 



243 
S9 

Species, 114 

Spirifer,...^ 155 

Springs, 68, 257 

Stalactites, 17 

Stalagmites, 17 

Steatite, 271 

Steppes, 2t2 

Stigmaria, 170 

Stonesfleld slate, 199 

Strabo, 2Si 

Stratum, 82 

StrisB of glaciers, ^ 

drift, « rj6 



Salt, 183, 271 

Sand, 272 

Sandstone, 157, 269 

Sandwich Islands, 52 

Saurians, 180 

Scelidotherium, 219 

Scoria, 141 

Scotland, 302 

Scorpion, 164 

Seals, 78 

Secondary rocks, 176 

Septaria, ~. 85 

Serpentine, 133, 147 

Shale, .- 148 

Shell beds, ~ 74 

Shell limestone, 246 

Shingle, 38 

Shoaling, 241 

Siberia, 299 

SigiUaria, 169 

Silidoos deposits, 24 

SiUcon, 11 

Silt, 20 

SUurian, 151 

Silver, 265 

Sinter, 24 

Siphunde, 185 

Siratheriam, 216 

8lH«taft Joknl, 41 



Strike, 89 

Submarine finrests, C2 

Subsoil, 27 s) 

Sulphur, 11 

Sulphate of limo,» 13 

Sumbawa, 41 

Superposition, .^m 87 

Surtsheller, 42 

Surveys, « 287 

Syenite, 130 

Synclinal, 10 



Talc, 13 

Talcose slate, 147 

Talus, 16 

Tartaiy 2.U 

Teleosaurus, I'Jl 

Temperature, 4 

Temple at Serapis, CO 

Theory, 252 

Terebratula, 155 

Terraces, 228 

Tertiary, 204 

Tides, 33 

Tilestone, 151 

Toadstone, 172 

Tourmaline, 13 

Tortoise, fossil, 214 

Tozodon, 216 

Trachyte, 64, 132 

Tracks, 108 

Transition rocks, 150* 

Trap, 131, 269 

Travertin, 17, £43 

Tree-fern, 167 

Trias, 176 

Trigonia, 191 

Trilobite, 153 

Tufii, 17 



Unooitfobicabu, I 92 

Unity of plan, 290 

United States, 809 



Yallets, 34$ 
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Veins, 94, 261 

Vertebrftta, - 125 

Volcanic iilands, 62 
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G. P. PUTNAM'S 

NEW PUBLICATIONS 

FOE THE PEESENT SEASON. 



■ <i^ii 



SUPERB NEW GIFT BOOKS. 

I. 

on 

AMERICAN SCENERY, ART, AND LITERATURE. 

Compritmg hea/uUftd large Vtan^ttes^ engraved on Steel,' by distinguished Artietif 

of the following Svibjeeta: 

The Bay of New-York, by H. Beckwith— the Clove, Cattskill, by Darand— the 
Alleghanies, North Carolina, by Bichards — Snow Scene on the Housatonic, by 
Gignonx — Cattskill Scenery, by Eensett — Schroon Lake, by Cole — West Bock, 
New Haven, by Church — Adirondack Monntains, by Purand — ^the Jnmetta, 
Pennsylvania, by Talbot— Cascade Bridge on t^e Erie Kailroad, by Talbott — the 
Rondout, by Huntington— Church at West Point, by Weir — Wa-wa-yauda 
Lake, N. J., by Cropsey, &c. 

With Original Essays on Subjects connected with Scenery and the Fine Arts, bv 
Washington Irving, J. Fcnimore Cooper, Miss Cooper, author of " llural Houra,'^' 
Bryant, N. P. Willis, Bayard Taylor, Dr. Bethune, Tuckerman, Magoon, &c. 

Tills Work of Art, which presents an attractiYe novelty among embellished publications of its 
elass, has been prepared with the utmost care, and at great exx>en8e — ^the engraved Illustrations 
having been executed in the finest style of the art, as well as the letter-press and binding: it 
forms an elegant quarto volumeu Copies In cloth, extra gilt, $7; morocco, super., $10; proofli on 
Indmid 

II. 

€^t look nf Same fM^% 

BY MBS. KIRKIAND. 

Craitaining Twelve Portraits of American Ladies, from Original Pictures, by Charles 
Martin, Esq., engraved on Steel, in the best manner, by eminent Artists. 
One vol. folio, cloth, extra gilt, $8. Turkey morocco extra, |12. Proofs on 
India paper, double size, very elegant, $20. 

%* The style and the aim of this Work are somewhat more elevated than those of any similar 
«roTk heretofore attempted either In this coimtry or in Europe. It Is not a transient, butterfly- 
book of fiincy sketches, but a work of permanent value, both In a literary and artistlo point o* 
view. No expense has been spared to render it creditable to the taste and artistlo progress of the 
country. Mrs. Kirkland^s name guarantees both the piquant Interest and unexceptionable good 
taste of the volume. The portraits were taken tKxm lifb by Chas. Martin, Esq., expressly for this 
pnrpose. 

** I have told you something, In by^ne numbers, of a Booh of Beauty^ and indulged In some 
surmises a?, to who was to be uie literary nurse of such an enterprise. I now learn inth pleasure 
that Mrs. 0. M Eibxlakd Is to have the handling of its dain^ pages. A better selection could 
not have lieen made, either in view of tihe artistlo pen-work of uie lady In question, or of those 
substantial qualities of heart, temper, and Judgment, which will at onoe forestall all possible 
charges fif indecorum or frivolily."— AorC4 Amwriean Miecelkmp, 



a. p. Putnam's new publioationb. 



The Alhanbra, lilogtrated. 

The Alhambro. By Washington iRYma. New edition, with large additions. 
lUnstmted hj 14 beantiful engravinffs on wood, by the best engravers, from de- 
signs by F. 0. C. Darlet. 8vo. X)ark cloth, extra eilt, $8 50 ; extra blue, 
gilt edges, $4 ; morocco extra, vciy elegant ricmy gilt edges, $6. 

ThiB elegant volame Is the last of the Illiistrated 6«1es. The subject, and the grsoeAil mods 
cf handling it, oombhie to rciuler this a pectiliarly attractiye volnme for presentation. • 

** The Alhambra is one of tlio most finished and fascinating of Mr. Irring^s works. It possesses 
the elaborate polish of the Sketch Book. The splendor of diction, and musical ^ow of words^ 
are, at times, perfectly cliorming. — Southern Lit Messenger. 

**This is one of Irving's most poetical and beantiAil works, abounding in those exqnisite plo- 
tnres, which, althongh mere word-paintings, have all the fascination and impressiveaess of the 
living, breathing cstuw&.'^^-Souihem Lit Gazette. 

*'Tlie Alliambra is one of the most finished and llMcinating of Irving's works."— Feisfarys 
LU. Messenger, 

IrTiBg^» Works, Illnstrated. 

New editions, in new and nniform style, viz., " Knickerbocker," "Traveller,'* 
" Sketoh-Book," and "Alhambra." Square Svo. Extra doth, gilt edges, $16; 
9iorocco extra, best style, $24. 

'*Dablkt's Irvtko.—- Pntnsm has pnblished a most beantiAil edition of the Sketch-Book, 
mnstrated Inimitably well by the racy pencil of Darley. It is this embalming of works of genins 
in the amber of art, which makes a library a luxury as well tor the eye as the imagination. Sun- 
ny, gonial, original, and tastel\il Irving, worthily- gi-accd with fkir print and appreciative illnstra- 
tration ! It is indeed a completion of fitness, m which these days of haste and. impetfectness 
should rejoice, as a bright spot of exception.*' — Home Journal. 

BTew Portrait of Washington Irving. 

Sketched from life, in crayons, by Charles Martin, Esq., and engraved in the 
finest style, on Steel, by F. Halpin. Single copies, 50 cts. ; proo& on large 
paper, $1 50. 

As this is probably the last portrait that will be taken of Mr. Irving, this circumstance will 
consequently tend to enhance its value, apart from the fact of its acknowledged fidelity of ex- 
preesion. 

" PoRTRArr OP Irving. — ^There has seldom been a more felicitous piece of work. It is not 
onlv like Irvine, bat like his books : and though lie looks as his books rend, (which is true of few 
Authors)— and looks like the name of his cottatre, Sunnyside— and looks like what the world 
thinks of him — ^yet a painter might have missed this look, and still have made what many would 
consider a likeness. lie sits, leaning his head on his hand, with the genial, nnconscioua, courtly 
composure of expression that he habitually wears, and still there Is visible the coucli:iut Iniuior 
and philosophic inevitablcness of perception, which form the strong under-current of Ids genius. 
The happy temper and strong intellect of Irving^the ioyously indolent man, and tlie aronsidi^ 
brilliant author — ^are both there. As a picture, it Is a fine specimen of art'^ — Home JoumaL 

Vhi/brm with the above : 

New Portrait of William Cnllen Bryant. 

Sketched from life, in crayons, by Charles Martin, Esq. ; engraved on Steel 5n 
tJie best style, by Illman. Single copies, 50 cts.; proofs, $1 50. 

*'No oetter llkness will ever be made of Bryant and Bancroft than Martini two pcttrafts of 
fhese ante-mortem immortals. Bryant's true, though occasional look, is there— ^tianatopsically 
expansive and hhenL'^—'IIome Jotwnal, 

Letters of a Trayeller. By W. €. Bryant, fllastrated 

With nnmerons fine engravings on Steel. 1 vol. square Svo. Cloth extra, $4 ; 
morocco extra, $6. 

*FnIl of lively and picturesque sketches, seats observations, and nice discrlminstloiL ThMS 
-M-. peculiar interest''— (7Ar<««to» Ingruirer, 
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a. p. FCTNAH^S mSW FUBLICATIOire. 



The Sluikspem Gift-BMk. 

Tales of the Girlhood of Shakspeare's HeroineB. By Mrs. Gowdbn Clabxs, Au- 
thor of the " Concordance to Shakspeare," with 10 fine Illostrations on steel, 
consisting of the following suhjects: — ^Portia — ^View of Cawdor Castle — ^Portrait 
of Helena— View of Venice — ^Windsor CasUe^-Portnut of Isabella— The Town- 
Hall, Padua — ^Elsinore, and the Forest of Ardennes — ^A View of Verona. Fine 
edition, on lai^e paper. First and Second Series. 8vo., elegantly bound, cloth, ti. 

This Is a oharming Gift-Book Ibr yoong penoiu^ whQe It Is not at all nnsnited Ibr the most 
teildioas and cnltlvated lady. 

**L«t everybody bay these Talea Fran moihen and daughters we bespeak a hearty recep- 
tion.** — ChruUan Inquirer, 

**MrB. Gowden Clarke, whose 'Coneordsnoe of Shakspeare* shows such mastery of the letter 
ef thejpoeVs works, now evlnees her appreciation of their spirit in a series of fictions, entitled the 
*The Girlhood of Shakspeare's Ileroines.' "— Z><dttfn«> Bimsehold Ndrratiw. 

** The design Is one tnat would afford ample play to a lively and sympathetic imagination; and 
ire are beoad to say that the ingenioos thought uadmiiably carriedout'^— J^o«u2o»lfor. Chnm, 

The JTmo LUerary Gift-Booh. 

The HeMeriil: « SevTeilr ef Clenlu tad Tirtne. 

Edited by Mabt £. Hxwrrr. With splendid Illnstrationa on steeL 1 toL 9w9» 
Elegantly bound in muslin, gilt, |8 50; morocco, extra, |5 00. 

AiBoag the oontrlhntors to this beautlftil yolome are the following: — 



N. Hawthorns, 

A. B. Stbbet, 
8. 6. Goodrich, 

B. W. Griswold, 
Bishop of Jamaica, 
a. duoannb, 
Mrs. B. a. Lew is, 
Emma C. Emburt, 
Geo. p. Morris, 
Prof. Gillesfib, 



Mrs. SraousirsTy 
John Neal, 

G. LUNT, 

E. L. Maooow, 
G. P. B. James, 
J. T. Fields, 
Mart E. Broou^ 
Dr. Mato, 
Bishop Doane, 

W. G. SIMMS. 



N. P. Willis, 
B. H. Walworth, 
Mrs. Hewitt, 
B. H. Stoddard, 
J. B. Thompson, 
Mrs. Harrington, 
Mrs. Oakes Smith, 
" Alioe B. Neal, 
B. B. Kimball, 
Anne C. Ltnoh, 

*The extreme beauty of this Interestlns rolnme, and the high literary character of its con- 
tents, amply compensate fbr the delay which has attended its pablication. It contains so many 
contributions of a superior order, that it may justly claim a less ephemeral interest than is asnally 
attached to holiday oflbrinss. Beside her own contributions in prose and verse, which are amons 
the most pleasinff productions of her pen, Mrs. Hewitt has gathered a delightful variety of originu 
articles, many of which are fh>m oufnent writers, and which, taken as a whole, possess an unu- 
sual degree of excellence. The typography, paper, and binding of the volume, are in a style of 
refined and tasteful eleeance. In a high de^ee appropriate to the object for which it was designed. 
We cannot doubt that It will meet with the cheering welcome to which it is so richly entitled." 
—THbune. 

** As a literary production, no woric has been Issued In this country containing such a list of 
eontribntors, distinguished by reputation and ability. The volume will sustain the reputation of 
being at the head of its claaB^r-^ifeuxurk Advertiser, 

** Por the literary merits of the volume, we will only si^ that most of the ablest writers la 
our country in this department ofUterature, are represented Many of tlieir articles are in their 
hsppiest vein. In its mechanical execution, however, the work has no superior In anything 
which has issued ftom the American presa**— ^^l^any State Begieter, 

ftml Hmfi. By Ktss Cooper* 

Illustrated by a series of finely colored IllnstrationB. 1 toI. square 8vo. Cloth 
extra, |5 ; moroooo extra, |7. 

"A very pleasant book— the result of the combined e(R>rt of good sense and good fbeling; an 
el)servant mind, and a real, honest, unaffected appreciation of the countless minor beauties that 
nature exhibits to her assiduons loyen,^— Albion* 

**This is one of the mott delightftil books we have lately taken vl^T*— Evening Post 
**This is a deli«rl)tftil book, containing, in the form of a diary or Journal, the reflections of « 
person of cultivation and refinement; of one who had an eye to see, and powers to appreciate the 
real meaning, the natural objects and phenomena around her. The reader is constantly reminded 
of Gilbert Whites 'National History of Selbome.* * Sural Hours* is Just the book Ibr tlie draw- 
tog^foom. Open where you wUl, yon may find something of interest*'— Cbm^rid^ CkftrnkU 



O. p. PtTTNAH^S KEW mTBUOAXIOmU 

?•€■!• By Samel 6. 6««drie1i 

Illastratel with a serieii of Original Deaigna, beantilhlly engraTttd on Woo9 
One volume, 8to. Cloth extra. 

**A edneedon of abort pleoM in rvnt, happy in their cbeloe of aatlediL and ahowing paatto 
Anej,— the cadencee paitfcttlarlT are mnalcaL It la very nicely embelliabeo.*'— ^2&tMn„ 

'^One of the moat beauttfUI worka, in ^yp<i8i*phlcal appearance, that haa iaaned ftem fli« 
American pre8& Adorned with sixty wood cuts, and vlgnottea, and nrayed in scarlet and cold, 
ita appearance at this season of the rear la most oppwtnne. All those whoae yonUi haa oecn 
made nappy by the ever pleasing storiea of Peter Parley, will find that the old gentleman, having 
dropped his asaomed name, ia still catering for their pleasures. They will bny this book on tiie 
auenigth of the past, and will find that ita melodiooa straina will ehann the eancated ear, aa well 
aa Ids tales delist the young heart**— iTtfioari; Adv€rU§er, 

The Glriliooil •f Sbakspearc's Heroines* 

By Mart Cowdin ClaseXj Author of **The Coneordanoa to Shakapaare.*' 
Illaatnitcd with fine Engravinga on SteeL Prioa, 25 oenta aaoh part. JJao ia 
two yolomes, doth, gilt, $2 50. 

I«— PomiA, with Portnut on Steel. 

n.— Tbx THAMX^a Davobtxr, with a View of Cawdor Caatla. 

niw—HxLENA; the Phyaioian^B Daughter. With Portrait 

IVd-*I>sai>XMONA ; the Magnifioo^a Child. With fine View of Vaniea. 

v.— Mxo AKD Aucx; the Merry Maida of Windaor. With a Viaw of 
Windsor. 

VI.— Isabella; the Votareaa. With Portrait 

VU^— KATtfAsiNs AND Bxanoa; tho Shrew and tiie Demnra. With a View of 
Padua. 

Vm.— OraxLiA ; the Sose of Elsinore. With a View of Elsinore. ' 

IX.— BoaALiND AND Ci(lia; the Frienda. With a View of the Foroat of 

Ardennes. 

X. — JiTLDET ; the White Dove of Verona. With a View of Verona. 

**An original and felldtona idea, well exeented, and veiy sweetly written.**— JEldme Jom ntik 

"Extremely well diOMV—Eveninff Pott 

"Worthy to rank beside the delightfhl *7blM* by Zam5."— tSboCsmon. 

"Mrs. Cfowden Clarke, whose '^Concordance of Shakspeare** sbowa andi maaterr of the 
letter of the poet's works, now evinces her appredation of their spirit In a soles or fltftloiis 
entitled ' The Girlhood of Shakspeare's Heroines.* ^"Dickens's BoumuM KarraUve, 

"The design b one that would afford ample pUty to a lively and aympathetic imagination, and 
we are bound to say that the ingenioua thougnt la admirably canied out.**— Xondois Mo rmmff 
CMrottieU, 

Swallow Barn. 

A Sojourn in the Old Dominion. By the Hon. J. P. Kinitxdt* lllnatrated with 
Twenty Fine Engravings on Wood, from Original Designs by Strother. In 
one large volume, 12mo., doth, $2 00. 

"Swallow Bam is one of the few American daasica It is fbr Ylrslnia lUb what the Sketdi- 
book or Bracebridge Hall is fbr that of England— not leas vivid, not leas true. The iUoatntloBS 
ef this edition are by a Virginian of remarkable abilities as a mere artist, and deaerving of an 
eminent rank also as a humorist The book cannot fkil of being one of the moat popular 
lUnstrated volumes that liaa appeared in America.**— i?. W. Orimcola^ D. D. 

** We have alwsya reguded "Swallow Bam ** aa one of the very highest efTorta of American 
mind. It la exquisitely written, and the scenes are vividly described. Its featurea of Tiidola 
life and mannera are the best ever drawn. The work is eminently a iflandid edittBBt--il li 
» noft eateeUent and intersatlag pfedaetlon.**— ZowImW# diommaL 
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G. P. FDTNAh's new FDBZiIOATIOKS. 



PUTNAM'S HOME MANUALS OB CTCLOPiEDIAS, 

{Vhifi>rm toiih the **WorUrt Progrtm^ '^J^rope^ Ptui and Pr^tmiit^ de,) 

Hiiiid-B««k •f LIteratiire and the Fine Arts. 
By QxoBox SiPLxr, Esq., and Batabo Tatlob, Esq. 1 toL 8to^ eloth| $S Oflw 

Hud-Sotk •t Btosraphy. 

By Pabxb Godwin, Esq. 1 yoL 8to^ doUiy $2 OOt. ^ 

• ■» 

DiBd-BMk •( the VatttA Arts. - ^' 

By Db. Asxtibxll, 1 voL Syo. $2 OOl 

Daad-Botk ef Science. 
By Profi St. John, of Western Beserve CoU^^ 1 toL 8^9., etoth, $2 OOi 

The above woiks are prepared hj able selentlflo and Uteraiy men, bringiiig the foliijeeli dmm 
t» the latest dafces» and eendensliig the most oopievs and aathentie fadbrmatloB Ihmi all lettable 
ee orc e a i The whole designed to eompresa Into a eompact, portable, aad eoaimitoit ahape (fl>r 
popuhur reference, and Ibr text-books), a oomprebenslye, aocorate^ and satisflustory view el General 
History^ Sdenee, Literature^ Biogcapby, and the XJseAil Artai 

The Werld's Progress. 

A Dictionary of Dateej being n Reeord of Remarkable Occnrrenoes, PoUdosl, 
Literary, and Scientifle, in the Annals of all Nations. In two Divisions. 
I. Contemporary Tables. II. Alphabetical Records. By O. P. Putnaic. 
Fourth edition, revised and enlarged. 1 vol. Svo., cloth, $2. Sheep, $2 25, 

**ThtB is about the most lemarfatble book we havo seen. It Is a monument of hidiVBtvy and 
raesareib- <» unparalleled embodiment of statistical knowledge, and a parajK>n ct methodical 
•mmgoment It is a volume of TOO pages of historical Ikots, dates, and memoranda, condensed 
almost beyond precedent, and compressed with so mncb skill and Judgment as to afford a com- 
plete and thoroughly intelligible index of events. Prefixed to this treasury of knowledge is a 
ehart of histoiy. We wouldno^ be without this volume for many times its cost''— CbfiMMroiol 



Buvpe, Past and Present 

A Comprehensive Manual of Envopean Oeograph^ and Histor^r, derived fh>m 
official sonroes, end comprising aocnmte Geofrr&phioal and Satistical desoriptiona 
of all European States ; together with a carefullv arranged Index. By Fbakob 
H. Unoewittbb, LL. D.^ author of ** Universal Geography,^' <&o. 8vo., doth 
or half roan, $1 60. • 

**A reliable statistieiu manual, eompfled with real Oerman thoroughnees and aeumen, and ean 
4ie usefully eonsulted by the merchant, the scholar, the traveller, and the general reader."— i2biiif 
Jbumal. 

Knight's Cyc lopftdU ef the ladnstrj e( AH Natlens. 

With Engravings. One volame, Svo., c|oth, $2 50. 

This oompendium of the Arts and Manufiieture« of all Nationa, which was suggested by the 
9 Great Exhibition of Industry,** is a work ef {ntrinsio and permanent value. It comprises fUB 
i&d aoeurate details, by eompetent vrriten. 

laenents ef Geelogy* 
Intended for the Use of Students. ]^y Prof! S. St. Jfozur. With X&nstrationa. 
One volame, 12mo., doth, $1 00. 

The work Isdedgnedtebestrietly dementaiy, and preie&ts the leading Ml Cf tteBotaeae 
hi e popular and att r a ct ive fma. 
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Q. V. FUTNAH^S NEW FUBUOATEOITO. 



Allans A 1M« tf th« Hew W«ild* 

By the Author of ** Ladt Alzoe.*' 

"Lidy Alice to deddedly • irofk of eeDltiBL Lideed. W6 know of few fledooi wImn Udilliil 
nd hicbest excellence is more mtarenC^—JBotUm Pod. 

**Thl8 to en extimordinaiy book.. * * That the aatbor was animated by a deeper eraotloa 
ttian that of the pcodactioa of a clever and somewhat surprising noTcL which shoald make a 
neat sensation, we are perfectly satisfied, e e e A gra^til fimcy, and even a high imagin*- 
nve power, are nnsparinsly exercised thronghont**— -2>(m0rla«« JwroUPa Weekly Nmn. 

** Talent of a hiffb order teems in every page.**— Zontfon Ntw MonUdy Magtudns, 

**The life and vivacity of hto social scenes rival the bxUliant eonvenadona of Conlnfllby.*^— 
LUmiry World. -v--«b«v 

A FftmOy Book for Toug Penowu 
In a novel and unique plan. By Br. Mato. With numerous duetratione. 

A ITow EngUnd Tkle. 
By Kiae Cathabinb Szdowiok. Author^e BeTieed Edition. 

A Vow Work. 
By Kiae Ssdowkix. (In press.) 

Sketches of TroTd li VIcangBa. 

The Condition, Hesources, Prospects, History, and Antiquities of the Covntiy. 
By £. G. Squisb, Esq. 

* ** We have already announced in these pages that Mr. SQinsR, who was lately repreaentattve 
of the United States in Nicaragua, had in preparation for the press an accomit of his residence In 
that interesting country, and expressed an opinion that hto work would surpass in interest and 
▼aine the entire library of English and French publications on the sntject An examination of 
some of the sheets justifies our expectations; B&r. Squier must hereafber be ranked among the 
most snccessftil travel-writers as well as antiquaries <^ the time; he knows what to observe and 
how to observe, and hto relations with the Nicaraguans were such that no traveller had ever 
better opportunities for the acquisition of ftcts or the formation of Judgments. Hto wwk wfll 
soon be published, proltisely illustrated, by Mr. Fatnam.^^— /fttsmoMofUM Magaakke. 

The Serpent SyHhol, and the Worship of the Keelprocal Prliclples of Vatuo 
ti Amerlou 

By £. G. Squikb, Esq. With Engravings. 8yo., doth, $8 25. 

"In this work, Vf. Sqnier has presented to the pnblic the reeuK of hto personal obaenratfoos 
In a Angularly curious field of research. We accept them as valuable materlato for the eludda- 
ti<m of truth. They are not only in a high degree instructive, but they nw brought finrward with 
10 much fteshness and vivacity, and illustrated with such efibctive sidll, that they form a vecy 
igreeable narrative, even to those who are merely in quest of mental entertainment^ — TH&tmA 

**Thto to a most extraordinary work, from a man who stands foremost in the department of 
idence to which he has devoted himseli; and whose reputation it will gseatly enhaaeSi*^— 
Fro'otdenoe Jcurnak 

ABfiricaa Assodatlon for the AdyanceMent of Science. 

Fourth Meeting. Just published. Svo., doth, f 2 50. 
First Three Meetings. In one volume, 8vo., doth, $4 50. 

"Thto report makes a ftfr show for the acHvfty of the men of sdence thron^out the 'Mfead 
Statea Every department of natural sdence to well represented. Agassis, BiUiman, Henry, 
Bachei Olmsted, Loomis, Boeers, Bedfleld, and others of repute, appear taking tiieir appropms 
share in the proceedlngsi maxing good the promise of the American aasodation la bendf of the 
advaacement of sdence.^— Zittfrory World, 

r^ioninal. Of the American Oriental Sodcty. 

Two Tolumes, 8vo., doth, $5 50. 

8eoond Tolnme (oomplete in itself). 8to., doth, |2 60i 
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G. P. Putnam's ottjv prmucATioKB. 



Attierictfi Distorieal and Literary Cariosities. 

ComprisiDg foG-wrnXUa of Antop-aphs and Hiatoricfil Dooamento of great in« 

tereat and value. An entirely New Edition, greatly improved, with Additiona. 

Largo 4to.| half morooco, gilt edges, $7 00. 

The same. Large paper, Imperial folio, antique morocco, very elegant. Only 60 
Copies printed, $16 00. 

** Among the numerous books from the American press In which srt and tsste Is eomMned, 
■one wems to fill the place to which the volame before us Is appropriated. 

**The volume before us is entirety different from any tiling we have seen. It oonsists of 
sixty-six folio engravings on stone, all £ac-similes of curious letters, documents and antognq>hs; 
together with portraits and drawings of interesting objects connected with old customs.**^ 
Pifuvideno^ Journal, 

Falted States Exploring Expeditioii Rannd the Worid. 

By Charles Wilkbs. The complete Edition, with all the Illastrationa on Wood 
and on 8teel, and all the Maps. 5 vols. Imperial 8vo., doth, $15 ; do., half cal4 
extra, $20 00. 

WniLes^ Vayage Ramd the Worid. 

Comprising all the Essential Incidenta of the Exploring Expedition. With 
numerous Wood Cuts. 8vo. Cloth, $8 00. 

The Keii af Haahattan; ar, Sodal History af the City tf Vew-Tark* 

By Fbndcobb Coopeb. With DluBtrations. 1 vol. 8vo. 

ne Shield. A KarratiTe. 

By Miaa Cooper, Author of " Kural Hours.** (A new work,) 1 vol. 12mOb 

**Tbe deep and ancient night that threw its shroud 
O'er the green land of graves, the beantifrd waste.** 

Five Tears in an English University. 

By Ch/iles Astob Bristed, late Foundation Scholar of Trinity CoQegOy 
Cambridge. 1 vol. 12mo. Cloth. (In October.) 

r 

Tbe llonnments of Central and Western Anerica. 

By Francis L. Hawks, B. B. 1 vol; 8vo. With numerous IlluatrationB. (In 

preparation.) '\ ^ 

Diekens' Honsehold Words. 

In numbers, published weeklv. F^ce, 6 cents each. Also First, Second and 
Third volumes. 8vo. Clotn, $1^5 each. 

** From the time of the Spectator down f^' the present era of periodical publicati<tmL there has 
never appeared a literary maepucine of so excellent a character as the HonseholiA Words."— A 
Courier. ' "• 

Para i Scenes and Adventures an the )Sanks of the Anuzon. 

^ By J. E. Wabbex, Esq. A new a^d;.popular work. 12mo. Goth, 75 cts. 

**A well written and quiet entertaining natrative of trayels, given In so plessai't a style as Is 
eharm while It informs the reader.* — ITome JdUmal. 

**Thi8 book has given us great pleasure, and we shall be thanked by our readen tat cmBSnimA» 
ing it to their attention."*— JV^- York 7'ribune. 

**A very interesting narrative of adventures-^tbe author excels In descriptive aUUty.**— JJ^^nS" 
Tort Courier db Enquirer, 

Trenton Falls, Pletnresqne and Romantic* 

By N. P. Willis, Esq. Wood Cuts. 18mo. Cloth, 60 cts. 

^'This is a beautilhl little volume, descriptive of one of the moat delightihl spots and some ei 
the most picturesgu*^ and romantic scenery in all our country. It is written in Mr. Willis's pecu- 
liarly agreeable styiiv and though local in its description, is of universal interest Its prindpil 
lUnstiatioBS, nine in number, are finely soneated by Onr."— .flUscMe. 
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The Wide, Wide Worid. 

By Elxzabstb Wbthsbell. Fifth Edition. 8 volii. IShno. Clothi $1 50. 

*"nilt Is a tale depending for its interest on lively snd tmthfal pletores of domeslfe taA 
flonntry life. Its portraltnre of character is striking and tma to nators, and tbe whole work H 
prevaded by a heuthy religions and moral tone.**— JMoorder. 

** It is ttie most valnable work of the kind I erer read. It Is.eapaibia of doing moM good tbak 
any other book— other than the Bible."*— ^eiiKiri; AiUtmiiur, 

Hossef tnm an Old Haiise. 

By Natbakixl Hawtbormb. New Beviaed Edition. 12mo. Cloth, $1 25. 

"Hawthorne is a man of quaint fimcy, of consldotible powers of description, holds a qdtilMl 
hnmoroas pen, somethnes tinctured with wit and sly sarcasm , "— JTeioowb Advertiser, 

The Home ; or, Family Cares and Family Joys. 

Sty Frxdcbixa Bbkiceb. Traoalated by Mabt Hownr. Author'a Beviaed Edi- 
tion. Cloth, $1 00. 

**The world-wide popularity of " The Ilome^ renders it unneceasary to speak of iti merltai 
It Is one at the most sterling novels whicli will ontliTe change : and in its prsseat form is as 
<vnament to the drawing room as well as the library.^ — Home Jimmxtl. 

'*Mi8s Bremer's warm affections, shrewd observation, and pictorial fancy, are visible on every 
page. Tbe poetical power of her mmd is exhibited ia ** The Home " to better advantage thaa la 
any of her other works." — Graham's Ma{faaine, 

The Berher ) or, The Honntaineer of the Atlas. A Tale of Hereccet 

By Welliax Stabbuck Mayo, Author of " Kaloolah." iSmo. $1 25. 

**A romance of the highest class, replete with character, plot snd incident, and oocnpylnft 
ground entirely new. It is a mqiph higher effort than ** Ealoolah.^ — Uome Jowmak 

**Dr. Mayos new worjc has astonbbed us. It is an advance on hb **KaIoolah," showing ikr 
greater resources of imsgination than were evinced in his previous work. It is the book w ti^ 
season.'^— ^eicarl; Advertiser, 

Bayard Taylor's Eldorado ; or, AdTentnres in the Path of Empire. 

Second edition, with colored lUnstrations. 8 vols. 12mo. Cloth, $2 00. 

A cheap edition of the ahove work. Two volumes In one, without plates. Ifimo. 
Cloth, $1 25. 

** These volumes relate most striking and novil adventares, sad esimol foil to be emiacatity 
popular."* — Commercial Advertiser. 

*'They contain tbe most authertic, sparkUnft and best printed ipformatlOB aad adventure y«l 
publiahei'*— XOsrory fForW. 

Borrow's Aatoblography i LaTongro. 

By GsoROB Borrow, Author of "The Gipsies in Spain,** "The BiUe la 
Spain," &c. With fine Portrait. 

Nxw AUTHORIZED EDinoN, LAROx TTFB. OmplOe in CM vdume, Seduced l» 
75 cts. m cloth. Paper covers', 50 cts. 

**IIe colors like Bembrandt, and draws like SpsgnolettL" — Bdifdtyurgh Review, 

**Tlie pictures are so new, that those best acquainted with England will find it haul to 

iscognize the land tliey may have travelled oyvx,^—2faUonal InieUigencM'. 

**^ot for years have our eves lighted on a more fosdnating or mystoious title We eoold 

hardly sleep at night for thinking of tAveagnt^—JBlaekwood, 

The Coldest of Florida* 

By Prof. Theodore Jrvino. Author's Beviaed Edition. One volume, ISmo* 
Cloth, $1 25. (Uniibrm with Washington Iroing^s OompUU WorJu,) 

**It is like reading an old romsntio chronicle to pass these psges in review, so fall are Hasj of 
flhivalrte feeling and gallantry, so strange the adventures, and so beautirnl the scenes whidi sar- 
lounded the sdventnrera The whole career of the brave De Soto is one of romance, aad would 
prove aereat theme for the lisht fancy of the poet and novelist Mr. Irving has aiven as a book 
whieh will be enduring, which, in fiict, is proven by its present re-appearanoe^ It having beea 
originslly published some years aga It Is ftnely written, and issa aeeeMloa to AoMikaB UH^. 
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Bmm4 hrrti tr, The W«ri4^ OptaiOB* 
By Martha Mastbit. 12mo. doth, 75 oentB. (TJniiurm with ^^FoidetU,^ 

**A pleasingly-told tale, showing most vividly the ntter folly of being governed by PiAU% 
CpMon^ or by **^tokat Jim 9ay^ to the sacrifice of all happiiieea, convemenoe and comfort 

**A fNsbnees, orlglnalitv, epiclness, and naivete, mark the style. It is tnily a charming bool^ 
and will not have bmn written in vain, if any will take warning trom Emily v cooxse oi xniaer/ 
mA tbiay,"^— Independent. 

BMBiate Dwt tnm the HIsterte Placer* 

By Br. Mayo, Aatbor of "Ealoolah,*' "The Berber,** <&a 12mo. 75oentf; 
Paper cover, 50 cents. 

"The work attains, with sreat effect, a high moral aim, throngh an ingenlooi and moat inta^ 
satins process, and displays abilities of a high order.'"— Jffoanffemt. 

*^It exhibits the same boldness of invention, and occasionally the brlOiancgr of eolorlng wUeh 
duuncterize his former popular romances.^ — OincinncM GcueeUe. 

**The reader of Dr. Mayors previous volumes will recognize In these sketches the same 
freshness and vitality of thought, and the same livoly and exuberant stylcb which charaterige 
• Kaloolah * and * The Berber.'^-nSbt(<A«m IMtarasry Gcuette, 

Trafh and Poetry firea ay ewn Life. 

(The Autobioffraphy of Goxths.) Translated f^om the German, by ] 
^^ Godwin and otners. New Revised Edition. 2 vols. 12nio., doth, $1 75. 

**A moat charming book it is, and a worthy translation of a noble composition.**— C ¥ iio < iMk rtl 
Herald, 

** We have dwelt upon these volumes with keen interstt and great pleasme. We Had tih» 
tnuislation charming."— C7Ari«^» Inquirer, 

Fadette. A Deaestie ;ra1e» 

Translated fh>m the French, by Mns M. M. Hats. 12mo. 75 cents. 

**A more beantifbl plccore of virtue in the disffuise of ugliness, — ^nay overcoming tttlln e is^-- 
and passing into the meet exquisite lineaments of oeanty has not often been written. The stoiy 
is beautiful as a whole— almost trea from foults— And so sweet, so pure, so truthfol, so winnii^ 
tliat it may well redeem a thousand errors of tlie writer. We commend it to every circle whicn 
desires to find its thorns occasionally crowned with rose&**— t&mMerft Quarterly xeeUw, 

Haaial ef the Fine Arts. 

Critical and Historical. With an Introduction. By D. Huktinoton, M. A., A. M. 
Third Edition. 12mo. Cloth or sheep, $1 25. 

**The most practical and nsefti] Manual of the line Arta^ which has yet been published.**^ 
Be9. Chas. H. Haleey. 

** I coincide in the above eattmate of the work.**— CAorist King^ D, !>., Preeident qf Oohtm' 
Ma ChUeffe. 

**It is decidedly the best book, on this Important spbjeet before the American people^ and 
glvee a great mass of valuable information.**— Zi^ary World, 

Ike Artist's Chrqnatle Hand-Boek. 

Bein^ a practical treatise on Figments — ^their properties and uses in painting. To 
which is added, a few remarks on vehicles and varnbhes. Chiefly a compila- 
tion from the best authorities. By John P. BmNEB. 1 vol. 12mo., oloth, 75 ota. 
**lfr. Bldner's excellent little treatise upon the ehemlttiy of his ait**— iSi. Qwurt sio. 



The History ef Propellers and Steam Hafigatloiu 

With biographical sketches of the early inventors. By Bobxbt MoFablan, C. E.» 
Editor of the " Scientific American.'^ 1 vol. 12mo., doth, 75 cents. 

Hemoirs of BeneTemto CeUinl. A norentiiie Artlsti 

Written by Himself. Containing a variety of information respecting the Arte 
and the History of the Sixteenth Century. Translated by T. Bosoos. New 
Edition, in one volume, 12mo., cloth, $1 25. 

'*CelHnl was one of the most extraordinary men of an extraordlnaiy age; hli VMt, witttn tf 
Umael^ Is more amusing than any novel I know.**— iSTorose WalpoU, 
The work has bean tnnslatsd into Qenaaa by Qoethe, 



0. p. FDTKAX^S HEW FUBUCATIOire. 



lie OptlMliU 

By H. T. TuoKKSMAir, Eiiq. In ono Tolome, 12mo^ doth, 75 oente. 

"Among the EsBaTtoli In America, Mr. TaekemMD jMrhips deserres tbe h1fn«at dtodiletlnB. 
Tko ** Optimist'* is m«iiied by aloe waljsifl, delicata discrimliuition, a gentle taite^ bannomooB 
i^ta^ ud a pleasant dJsconiTe vein ot uooght"— iSnrflUrf» QuarieHifli^oiew, 

tktif Pfeyelitliglcany Cossldered, 

With Befbranoe to Sensation and Memoiy. By 'Ri.awc»ha»p Fomatb, H.J>. On* 
Tdame, ISmo. Cloth, 75 cents. 

■*A subject treated with much acnteness and grateftal Inteiest It Is dlsonssed peyebelogleaTly, 
fllnstrated by anecdotes, and attempts to explain and systematlM a class oi* phenomena bnt little 
observed and less onderstood. The woric Is attraotlvt and soggestiYe^ not only ta the ptoft,wsi«wia1 
Ban, but to the general leader.**— ZbiiM J^umak 

Htntal Hygteae. 

Or an examination of the Intellect and Paesiona, desired to show how ther 
affect and are affected by the bodily fnnctiona, and their influence •!! healtn 
and lonffCYity. By William Swbxtbeb, M. D. Second edition, rewritten and 
enlarged. 12m0. Goth, $1 00. 

** We shall close onr notloe of this exeellettt and tnily faitelleetnal perflmnanca, not wHhooi 
vgently recommending Its attentlye perosal to all who destra tbe mens lana In ooipora saaa*^— 
LatttUm MBdicQ CMrmrgieal Jt&oi&u, 

ValTcnity EdncattoB. 

By Hknbt p. Tafpam, B. D. 12mo. Cloth, 75 cents. 

**This is the production of a sldlftil hand, and exhibits a Toy perftet aaalysb of tbe higher 
Institutions of learning in this country. In England, and on the continent We know of no work 
ctHnprisIng in a small compass so much inteiestlng and Talnable Informatkni upon the snl|ject**«« 
J^Mmfi(;r Po«<L 

Treatise on BiBkios* 

Bevised Edition. By J. W. Oilbabt. 1 vol. 8vo. Cloth, |2 50. 

**Tbe work is |udieions1y arranged, and the Instructions are dear and dedslTa, 
**The work, in its present form, is far more comprehensive thsn any ol the prerlons editloii% 
and embraoea a great variety of topics of great interest to lMUike(a.**-*Xon<loi» Bamk&nf MagaidHm, 

The Artist 

By Mm. Tothill. Belngr the fburth of the Series entiUed **Sucom if» Jjfft.** 
One volume, 12mo. Ilalf-boond. (In press.) 

**Hr8b Ttttfalirs plan would seem to bo— Inciting to the noblest deeds In the prolbsBioii or mn 
•nit which she discusses, by first mapping'out, as it were, what is necessanr to snccasa, and flUins 
out tbe outline by practical common sense advice, entoteed by iUnstrious biogn^liical exampleSb 
•^PhUaddpMa Saturday GoMette. 

**Ju8t the little book that a hundred thousand beys In tUa conntiy on^t toiead."— <nkfifM0i» 
Ingtdrer, 

Amerlcaa Genealogies. 

Being a History of some of the eariy Settien of North America and their 
Descendants, with Anecdotes, Personal Sketched, and Geneological Tables, Ac 
I* By J. B. HoLOATB, A. M. 4to., paper covers, f 5 00. 

**Thep1anof thiawoifclanew; It foznlshes a kqr to American hlstoiryheNtafiiieiiei^eelad.* 
^UHca OofUrHnOar, 

The SHlthsonlaa Contrlhntlons to Knowledge. 

A new volame. Just out. 4to., doth, $5 00. 

This new volnme formed the Beeond of a Sariea, eomposed of Original MemorieB on dUbKBl 
bmnehea of Knowledge, by 8. C Waucxb, Fbaxob Lxibxb, C Elubx; Jr., S. Bw Gxbbb^ 
IbAoAaaix, J. W.BAiuT,&O.SQvin,dEC.; pdbUshed andsr the diieetioA of the BmitlMMiilm 
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